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PREFACE. 


This little book is intended as a first guide to the study 
of Nature. Those who have attended to the minds of 
children and to the way in which they develope, are agreed 
that the faculty of observation is strong at an early 
age, and that it can then be most profitably cultivated. 
Systems and theories belong to a later stage when the 
reasoning powers are in fuller activity. The best educa- 
tional authorities have been led by these considerations to 
recommend Graded Object-lessons as a profitable exercise for 
young children, and the benefit of such lessons is established 
by the practical experience of many teachers. The objects 
upon which useful lessons can be founded are infinitely 
varied. Houses and the materials used in building, 
common articles of household use, and the simpler machines 
and tools, are preferred by some people, and would, no 
doubt, be admitted by all. The late Professor Guthrie’s 
“ First Book of Knowledge ** shows how such objects may 
be treated in a class lesson. Natural History offers advant- 
ages of its own. Nowhere else than in Nature can we 
find objects of equal beauty, or examples equally perfect of 
the adaptation of means to ends. I cannot find that 
nearly enough use has been made of natural objects for the 
teaching of observation. Want of opportunity prevents 
most town-children from getting any real acquaintance 
with the world of life, but it is not impossible to increase 
materially* the opportunities which at present exist. No 
doubt the very best way of opening a child's eyes and 
mind to the delightful contrivances of •’Nature is the 
country walk with a companion skilled in Birds and Insects 
and Flowers, and not impatient of childish questions. At 
present there are few children who can find such teaching, 
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and we have to look out for the best possible substitute, 
which seems to be bright and lively school-lessons, in 
which natural objects are produced and explained. I have 
here tried to suggest a few lessons from Nature, 
an endless variety for further choice. 

The lessons are meant for reading aloud, but the teacher 
will, I hope, use them in his own way. One thing only 
appears to me essential, viz. that objects (if not the very 
things named in this book, then some others) shall be 
actually seen and handled. Talks about Nature will be 
profitable only when natural objects are directly observed. 
Pictures may be shown side by side with natural objects, 
but should never usurp their place. A magic-lantern may 
often be used with advantage, and the woodcuts in this 
book, or any others, may be reproduced as photographic 
lantern-slides at a cheap rate. It is not necessary to 
darken the room if strong light is kept from falling upon 
the lan tern -screen. 

I believe that there is great value in continual ques- 
tioning, and that these pages will be dull and unprofitable 
if merely read steadily through. 

What is put down in the book for one lesson may now 
and then prove to be more than the class can profitably go 
through in the time at command. I hope that the teacher 
will divide such lessons, and in all things use his own 
judgment. There must he full liberty to add, leave out, 
expand, or substitute more accessible objects. 

The plan of the book is shortly this. Simple explana- 
tions about animals and plants, with very familiar ex- 
amples, described in some detail, come first. These early 
lessons are meant to give a small stock of information, to 
teach the habit of careful examination of all the details of 
any natural object, and to prompt questions. Then some 
chemical and physical facts are introduced, and experiment 
is brought in. Upon this foundation some simple lessons 
on Clouds, Rain, and Rivers, and on the food of Plants, 
are based. 

If we were to call these lessons a course in Zoology, 
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Botany, Chemistry, and so forth, we should not only be 
using needlessly important words, but we should disguise 
the main purpose of the book, which is to explain the 
Sii*(4fcst^iatura] phenomena to children who are incapable 
of continuous and methodical thought. To the child there 
ought to be no separate sciences at all, and the scientific 
methods explained to him should be treated, not as the 
thin end of such formidable wedges as Chemistry and 
Physiology, but as ways of throwing light upon certain 
natural facts about which he has been led to feel some 
curiosity, 

There is one thing which passes without mention in the 
lessons, which is of the first importance. It is this — that 
everything learnt must be a means to something done. 
Something must be tried as a little private experiment, 
or something gathered and preserved, or something drawn, 
or something questioned, and made to tell .its tale. In my 
own teaching-routine drawing plays a great part ; and 
there is no better way of checking mental indolence, and 
the miserable habit of trying to learn with both eye and 
mind out of focus. I have rather reluctantly given up the 
intention of setting such work in the lessons, in order to 
preserve the natural liberty of the teacher, who ought to 
judge for himself what can be profitably attempted. 

My colleague, Professor Smithells, has very kindly 
contributed three lessons, viz. those on Air and Burning 
in Air, the Composition of Water, and the Candle-flame. 
Mr. W. Dyche, late Science Master of the Higher-Grade 
Board School, Leeds, and now Head-Master of the Higher- 
Grade Board School, Halifax, has been good enough to 
read through the proofs, and make suggestions founded 
upon his own experience in teaching science to young 
people. 

The lessons have been written for children of about 
twelve years old, but bright and forward children might 
follow a good deal, at least, of the explanations at an 
earlier age, as I have found by actual trial. 
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LESSON I. 

SOME COMMON QUADRUPEDS. 

Wanted : — Shills of Cat and Dog. Stuffed Squirrel, 
Vole, Shrew, and Bat. 

Higher and Lower Animals. — I am going to talk 
to you to-day about animals. Some animals are very 
like ourselves. They have eyes, and ears, and nose, and 
mouth ; a heart with red blood, a brain, lungs to breathe 
with, and some kind of voice, But there are others which 
have none of these things, and hardly look like animals 
at first sight. Some animals are very sensible, and 
understand if we talk to them. But many are almost 
like plants ; they cannot move about, or see or hear, and 
they take no notice of what is said to them. Which is 
the most sensible animal you know ? Probably you will 
answer, the Dog, and I think that is a good answer. A 
Snail is a much duller and less sensible animal than 
the Dog. If you go to the seaside, you may find small 
red animals called Sea-anemones on the rocks at low 
water. Some will be found in the water, and some out 
of it. They are about the size of half a crown, and 
quite soft, without bones or shell. They have no head or 
legs, no eyes, or ears, or nose, or heart, or blood, or lungs. 
They have a mouth, however. They hardly ever move, 
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and can only creep very, very slowly. If you touch 
them they seem to feel, for they shrink, and make 
themselves as small as they can. Why do we call the 
Sea-anemone an animal? Because it has a £lOlfR^!SF , 
feeding, and it can feel, though not very much. We 



Fig. 1 . — Sea Anemone. 


call the Sea-anemone a very low animal, because it is 
so simple. The Snail is higher than the Sea-anemone, 
for it has eyes, and a lung, and a heart, and though 
it has no legs it can creep pretty well. I do not think 
you have ever seen a Snail's eyes. They are very small, 
and are carried on the horns which many of you must 
have seen. The Snail does not see things distinctly, 
but can tell light from darkness, like a man who keeps 
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his eyes shut. The Dog is far higher than the Snail, 
for he is quick to see, and smell, and hear, and can 
e ven u nderstand words. He can run fast, much faster 
tlia? L a Snan. He has very nearly all the organs of 
a man. What do we mean by organs of the body? 
Such things as the heart, stomach, lungs and brain, 
each of which does some special thing. The heart 
drives the blood through the body, the stomach digests 
our food; the lungs purify the blood by bringing air 



Fig. 2 . — Garden Snail. 


to it; by the brain we feel and think. All these are 
organs of the body, and the Dog, as I have told you, 
has nearly the same organs that we have. 

Mammals. — The Dog is one of the animals which 
we call Quadrupeds, or Mammals. All Mammals when 
very young suck the milk of the mother, and they 
are nearly always covered with hair. The Dog, Cat, 
and Sheep are Mammals. Do you know any other 
Mammals? The Cow, Rabbit, Guinea-pig, Lion, Horse 
are Mammals too. There are many different sorts of 
Mammals. Some live on land, some in the gea. Some 
run, some climb, some swim, some fly. Some live by 
hunting, some by grazing in the fields. Some are 
fierce, some are gentle. They never have feathers, 
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and become sociable in consequence. Wild Gats go alone, 
and never hunt in packs. 

Hunting and Grazing Animals. — Both Dogs and 



Fig. G. — Boxes of a Cat’s Toe. 

In the upper figure the claw is raised by the elastic hand b. In the lower figure it 
is brought down by the pull of the long tendon t. 

Cats are Hunting animals. That is why they have sharp 
teeth and long claws. Some animals never hunt, but feed 

on grass in the fields. We 
might call these Grazing 
animals. Their teeth are not 
pointed, and may be almost 
flat. They have no claws on 
their feet, but hoofs. 

Squirrels.— Squirrels are 
common in great woods, but 
we do not see them near 

Fig. 7 . — Teeth of Cat, adapted 

to Cutting and Tbabing Flesh. . creatures. They are about as 

big as a kitten, and of a 
reddish brown colour. They have long, bushy tails. 
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Squirrels run from bough to bough, and from tree to tree. 
Now and then they leap to the ground. When frightened, 
they run up the trunk of a tree and are lost in a moment. 
It *]s**^ery apretty to watch two squirrels playing. They 
run up and down together, and turn this way or that at 
the same instant. You cannot tell which is following the 
other, for they seem to run about more like one animal 



Fig. 8 . — Squirrel. 

The oar-tufts shown in the picture disappear in the summer. 


than two. The Squirrel springs from bough to bough 
with great ease. When he is on a solitary tree, or at the 
edge of the wood, and wishes to come down quickly, 
because he is frightened or for any other reason, he leaps 
out into the air and spreads his tail. The Squirrel's weight 
is very small, and the surface which he spread^ is rather 
large, so that he comes down almost as gently as a falling 
leaf. When he reaches the ground he is off to some place 
of shelter in a moment. The bushy tail of the Squirrel 
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serves another purpose too. When the animal goes to 
sleep, it curls itself up, and wraps its tail round about its 
body, and so keeps perfectly warm. Squirrels build 
warm nests in trees, like Birds, and bring up tfceir^f53hg 
in the nests. When the young Squirrels are strong 
enough to run about, the mother takes them out with her, 



Fig. 9 . — Field Voles. 


and shows them how to tind their own food. If the 
mother wishes to call them, she makes a sort of squeak or 
bark, and the young ones run to her directly. Squirrels are 
fond of storing up nuts and acorns and other seeds in holes. 
Sometimes the Squirrel forgets the place, and never comes 
back, but the seed sprouts and grows into a tree. Squirrels 
thus plant trees up and down, without intending it. The 
belongs to the same order of Mammals as the 
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Babbit, Bat, Mouse, and Voles. This is the order of 
Gnawing animals . 

Field Voles. — The other day I found an old thorn-tree 
winch hasi a large hole near the root. In this hole were 
hundreds of little nuts or pips, of hawthorn. No doubt 
they had grown upon that very tree, for there were no 
others near. Every pip had a tiny round hole drilled 
through the hard shell. Some small animal must have 
done it to get &t the kernel of the pip. What animal 
could it have been ? It was a Field-mouse. The Field- 
mouse is not the same as the Mouse which lives in our 
houses. Its tail is not long, and round, and scaly, like 
that of the true Mouse, the eyes and ears are much smaller, 
and it is not so quick in its movements. The Field-mouse 
is called the Field-vole by naturalists. It has a sort of 
first cousin in the Water-vole, or Water-rat. 

Shrews. — There is another small creature which is 
sometimes called a Field-mouse, but which naturalists dis- 
tinguish as the Shrew. It is not 
really much like the Voles or 
Mice, except in size and colour. 

It has a long and slender snout ; 
the tail is rather short, and ends 
in a brush of hairs. The teeth 
are pointed, and quite unlike those 
of a Mouse or Vole ; they are 
tipped with red. The Shrew 
feeds upon Insects and Slugs. 

Just as there are Water-voles and Land-vol^s, there are 
Water-shrews and Land-shrews. 

Other creatures besides Voles are fond of nuts. The 
Squirrel is one of these. But the Squirrel rasps away the 



Fig. 10 . — Shkews, 
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small end of the nut, and then splits it with its strong teeth 
and drops the broken pieces. You can see at a glance whether 
it was a Squirrel or a Field-vole which ate the kernel. 

Bata — Here is the skin of a Bat. You see ^fehatTTBe 
body is covered with soft fur. The ears are very big ; 



Fig. 11. — Bat Flying. 


indeed, in the Long-eared Bat they are nearly as long as 
the whole animal. They are thin and bare, so that they 
are nearly transparent. The Bat is also provided with 
whiskers which feel the slightest touch, and it can smell 
very well, so that it easily gets about in the dark, and 
finds the Insects on which it feeds. The Bat has wings of 
a peculiar kind, very different from the wings of a Bird. 
To begin with, they carry no feathers. Then the fingers 
of the Bat are very long, while those of a Bird are mere 
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stumps. Between the four long and slender fingers of the 
Bat's hand a thin skin or web is stretched, and this joins 
the sides of the body and the hind leg ; there is another 
wefT 'betrseen the hind leg and the tail. The thumb is 
short, and free from the web ; it bears a claw, but there 
are none on the fingers. 

The hind legs are short and weak. The toes have 
small claws which are chiefly used to hang by. When the 
Bat is tired, it gets into a dark corner, under a bridge, or in 



Fig. 12 . — Skeleton of Bat. 


a belfry, or some such place, and catches hold with its toes. 
Then it folds its wings about it, and goes to sleep, with 
its head hanging down. 

Evening is the time when the Bat begins to stir again. 
As soon as the sun is down, it flits about, darting hither 
and thither, and turning suddenly every moment. You 
never know where it will fly next, and it pounces unex- 
pectedly upon the Insects which are abroad. It has often 
been seen to take a sip of water as it darts over a pool or river. 
In cold weather, when no Insects come forth, the Bat does 


Fig. 13 . — Bat Sleeping. 


support its weight, and it has to go on all fours. As soon as 
possible it gets on the wing, or else creeps into a dark corner. 

Bats may often be heard to shriek to one another. 
Their cry is so shrill that many people cannot hear it at all. 
I have known a naturalist who often heard the cry when 
he was a boy, but could no longer distinguish it when he 
grew up. 
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LESSON II. 

" ' % THE RABBIT. 

Wanted : — A fresh Rabbit, with the Shin on. 

What is Fur ? — There lies on the table a Rabbit, fresh 
from the market. Its body is covered with brown*grey 
fur. What do we mean by fur ? You tell me that fur is 
soft, warm hair. So is wool, but we do not call wool fur. 
If you think a moment, you will recollect that in fur there 
are very many delicate hairs crowded together in a small 
space, and that these hairs are never curly, and never lie 
flat, but generally stand straight out from the skin. A 
Dog’s coat is not fur, because the hairs are coarse, and 
either lie flat or else curl. But the Cat, and the Mouse, and 
the Mole, and the Shrew, all have fur like the Rabbit. 
Velvet is rather like fur, and in velvet too the threads are 
made to stand straight up. In fur there are two sizes of 
hairs, coarse and fine. The coarse hairs are sunk more 
deeply in the skin, and stand out beyond the rest. They 
are useful to keep off rain, and to prevent the fine hairs 
from getting matted together. The fine hairs are crowded 
as close as possible, and nothing could be better as a 
defence against cold. We often find ten or twenty fine 
hairs to one coarse hair. 

Colours of Animals. — Tame Rabbits are of many 
colours — black, white, brown, grey. Wild Rabbits are 
nearly all of one colour, a sort of sandy grey^ Why this 
difference ? I think it is because among wild animals one 
particular colour is safer than any other. If the creature 
lives in sandy places, it is much to its advantage to be of a 
sandy colour, for then its enemies do not see it so easily or 
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so far off. But tame animals have no enemies to speak of, 
and it does not signify of what colour they are. A black 
Babbit would have a poor chance on a sand-hill in wild 
country. The Eagle, Kite, or Stoat, would see^tim where- 
ever he went, and would look out for a chance of catching 
him far from his hole. A black Rabbit would be like an 
unarmed man carrying a lantern by night in a country full 
of robbers. It is only in a peaceful country that an un- 
armed man would dare to carry a lantern at night, and it 
is only in safe hutches and close to houses that black or 
white Rabbits can live long. 

Eyelids. — The eyes of the Rabbit are protected by 
three eyelids. The upper and lower eyelids are like our 
own, but the third is drawn over the eye from the inner 
corner next to the nose. If I catch the edge of the third 



Fig, 14. — Third Eyelid op 
Rabbit. 


eyelid with a pair of forceps 
I can easily draw it across the 
eye. This third eyelid is the 
one commonly used by the 
Rabbit in winking. We have 
no third eyelid, but we have a 
sort of fleshy wart at the inner 
corner of the eye next to the 


nose, which corresponds to the 


third eyelid. Monkeys, Cats, Dogs, Sheep, Cows, and Whales 


have no third eyelid, but most other Mammals have. 


Ears. — See what long ears the Rabbit has 1 But they 
are not quite so long as the Hare's ears. I suppose that 
these long ears enable the timid Rabbit or Hare to catch the 


most distant sound of danger. Rabbits often stand up on 
their hind legs, and move their ears this way and that, 
to hoar whether anything is stirring. 
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Lips. — Notice the Rabbit's lips. The upper lip is split 
so as to show the front teeth. What is that for? The 
side of the upper lip carries a number of long hairs or 
whisker® You recollect that a Cat has whiskers too. 
What is the use of whiskers ? 

Teeth. — If you open the Rabbit’s mouth you will see 
the teeth. The front teeth are long and curved, and have 
a chisel edge. The grinders are flat, and set far back in 
the jaws, so that, there is a space between them and the 
front teeth. How many 
front teeth are there ? If 
you are not very careful 
you will make a mistake 
in counting them. Each 
upper front tooth is divided 
along its whole length by 
a groove, so that it ap- 
pears double. Besides the 
two long upper teeth 
which show so plainly in 
front, there are two others 
close behind, and these you will miss if you do not look out 
for them. There are really four upper front teeth, and 
two lower front teeth. That makes six front teeth alto- 
gether, of which only four can be seen from the outside of 
the mouth. 

Inside of the Mouth. — Do you notice the patch of 
hair along the inside of the cheek ? It is a long, narrow 
strip of hairy skin which ends just wherg the grinders 
begin. How funny it must be to feel a bunch of stiff 
hairs on the inside of the mouth ! If you look carefully at 
.the Rabbit's tongue you will find a white patch upon it, 



Fig. 15.— Front Teeth of Rabbit. 
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where the skin is much thicker than elsewhere. Now look 
at the roof of the mouth and see if there is anything un- 
common there. It is very stiff, and hard, and uneven. A 
number of short ridges run across it. What € singular 
mouth the Rabbit has ! Why should it be so different from 



Fig. 16.— Roof of Rabbit’s Mouth. 


the mouth of other animals ? Depend upon it, there is a 
reason which we can find out by observing and thinking. 

Gnawing. — Everyone who has seen much of Rabbits 
knows that they are gnawing animals. If you keep a 
Rabbit in a wooden hutch, it gnaws the bars. If there 
are Rabbits in your shrubberies, they gnaw the bark and 
young wood, and often kill trees in this way. Hares, 
Rats, Mice, Guinea Pigs, and Voles are gnawing animals 



THE BABBIT l 


25 


too. If you were to take to gnawing trees, you would 
find out before long that your mouth was not well suited 
to the work. Your lips would soon get sore from rubbing 
against tK& rough bark. Splinters would run into your 



Fig. 17.— -Side View or Rabbit’s Mouth. 


tongue and cheek. But the Rabbit's mouth is far better 
adapted for gnawing. The front teeth stand out a long 
way from the gums, and the upper lip is split, so that it 
can be quickly drawn back out of the way. The hairy 
patch protects the inside of the cheek. The tongue is 
protected by the thick skin on its upper surface. The 
palate, or roof of the mouth is protected by its thick, homy 
ridges. The Rabbit can gnaw all day and take no harm. 
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Mastication, — The back part of the Rabbit's mouth is 
quite different from the fore part or gnawing chamber. 
The fore part is like a joiner's workshop ; the bad^-part is 
like the little parlour behind where the joiner esfCs his dinner. 
In the back part of the Rabbit's mouth are the grinding 
teeth, and the part of the tongue which tastes the food ; 
and here most of the saliva is poured out — that is, the 
fluid which moistens the food, and prepares it for being 
swallowed. When the Rabbit has done the rough gnawing 
work in the fore part of his mouth, he passes all the eatable 
part of the food into the chamber behind, which has a soft 
and sensitive skin, and there he masticates it at leisure. 
In order to remember the back part of the Rabbit's mouth, 
and what is contained in it, we may call it the masticating 
chamber . What do we mean by mastication? Grinding 
the food small, and mixing it with saliva. Saliva is the 
fluid which pours into our mouths when we eat. Even if 
we think of something very tasty, the saliva often flows 
into our mouths. This is what we mean when we say that 
our mouth waters . 

More about Teeth. — The Rabbit's teeth have a great 
deal of hard work to do, and they must be prevented from 
wearing out. The front teeth have to be kept sharp, like 
a carpenter's chisel, or they would soon be useless. All 
this is provided for by nature. The teeth of the Rabbit 
never stop growing . Our own teeth grow till they have 
got to their full size, and then they stop. If a tooth wears 
out, or decays, or has a bit broken off, it can never be 
mended naturally. But if it is a milk tooth, or tooth of 
the first set, it will fall out some time, and be replaced by 
a new and perfect tooth. If it is a tooth of the second 
set, it must stay as it is — worn out, decayed, or 
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But the Rabbit's teeth, all of them, keep on growing 
below. If they wear out at the top it does not signify, 
for they do not get smaller or weaker. Nor do they get 
blunter, $hich is a very odd thing. How convenient it 
would be to the carpenter if he had a box of chisels and 
saw s which never wore out, and never needed sharpening ! 
The Rabbit has such a set of tools in his teeth. Each 
tooth consists of a very hard substance called enamel , and 
a softer substance called dentine. Some of the dentine is 
harder than the rest. Now I will try to explain to you 
how the teeth keep sharp, and I will speak only of the 
front teeth at present, because they are easier to under- 
stand. The very hard enamel is set along the front surface 
of each of these teeth, and forms a thin layer, which comes 
to an edge at the end of the tooth. Behind the enamel is 
the hard dentine, and behind this the ordinary soft dentine. 
When the Rabbit gnaws hard things, such as wood, the 
soft dentine soon wears down; the hard dentine wears 
more slowly. The enamel is so extremely hard that it 
wears down still more slowly, though it has most of the 
work to do. Thus the grinding surface of the tooth comes 
to slope backwards ; and, however much it is worn, the 
hard enamel stands out beyond the dentine, and the hard 
dentine stands out beyond the soft. A carpenter's plane- 
iron is made of hard steel in front, and of soft iron behind, 
so that it keeps sharp a long time ; but no one can make a 
plane-iron or a chisel which will never get shorter, like the 
Rabbit's tooth. 

The grinders of the Rabbit keep on growing too, and 
never change their shape, however old they are, and how- 
. ever much work they may have done. But now I must 
tell you of one drawback to this beautiful case of tools in 
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the Babbit’s mouth. If one of the teeth is broken, the 
whole case is liable to get out of order. The opposite 
tooth will then go on growing longer and longer without 
being worn down, for there is no tooth to illeet it. In 
time this tooth grows so long that it curves out of its 
proper place, and then it gets in the way of its neighbours. 
These do not meet properly, and are no longer worn down ; 
so they, in turn, grow too long. At last all the teeth in 
the Babbit’s mouth get out of shape, and the poor animal 
cannot masticate its food at all. 

Feet and Tail. — The Rabbit has claws on its feet. 
How many toes are there ? Four in each foot. Yes ; but if 
you look closely, you will see a small toe on the inside of each 
fore foot. The hind leg is longer and stronger than the fore 
leg, and has only four toes. The Rabbit has a ridiculous 
little tail, which is white on the under side. When a 
number of Rabbits scurry away to their holes, it is very 
amusing to see their white tails bobbing up and down. 
Perhaps this serves as a warning to other Rabbits which 
are behind, and farther from a place of refuge, that they 
must be off too. Roedeer have white hair on the haunches, 
which may be useful as a mark by which the young can 
track the mother in woods and thickets. Hares run in the 
open, and show no white behind. 

Rabbits drum on the ground with their hind legs as a 
signal to their fellows. On a still summer evening the 
noise can be heard a long way off, and you can hear 
Rabbits drumming far underground. They never scream, 
except when in great pain. 

Burrows. — Rabbits are very fond of burrowing. They 
work out a sort of underground village with many pas- 
sages, which is called a Rabbit-warren. Some of these 
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passages lead to the holes at the surface of the ground, and 
some to snug little nests, where the mothers keep their 
young ones. The nests are made warm with grass, and 
leaves, audits of fur, which the Rabbit tears off from her 
own breast. The Rabbit likes sand to burrow in, because 
it is loose and easily thrown out. You will see many 
Rabbit-warrens where there are sand-hills along the sea- 
shore. Why does the Rabbit burrow in the ground ? To 
avoid its many enemies. These are chiefly Weasels, and 
Stoats, and Cats, and large Hawks, and Owls. But many 
other hunting animals are only too glad to pounce upon a 
Rabbit whenever they get a chance. Why does the Rabbit 
make many passages and many holes to the surface ? In 
order that the enemies which pursue it underground may 
lose their way in the dark, while the Rabbit, who knows 
every turn, may escape and get into another burrow. If 
there were only one way out, a single Ferret would be able 
to strangle all the Rabbits in the warren. 

Use of Whiskers. — The Rabbit scratches out most of 
the sand and earth backwards with its hind feet, which, 
you will recollect, are long and very strong. How does 
the Rabbit find its way in the dark passages of the warren ? 
By feeling with its long and sensitive whiskers. The Rat, 
and the Mouse, and the Cat use their whiskers in the 
same way, and all these animals are very clever at finding 
their way in the dark. Most quadrupeds have some long 
hairs about the mouth ; but those which run about in dark 
places have them very long and stiff, and standing out from 
the sides of the face. « 

Use of Fur. — Animals with long whiskers are often 
covered with fur. This looks as if fur, like whiskers, 
might be particularly useful to creatures that make their 
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way underground, or wriggle into narrow places ; and I 
believe that this is actually the case. Fur is not only a 
capital protection against cold, but it will also throw off 
mud and water, and keep the animal clean and Ary, It is, 
therefore, an excellent covering for creatures which have 
often to brush against wet and muddy objects, or which 
live in damp caves, where things take a very long time to 
dry. The Mole spends nearly all its time underground, 
but its fine close fur never gets dirty. Rabbits spend much 
time in cleaning their fur, and perhaps Moles do the same. 

Native Countries. — The Rabbit is not native to Eng- 
land. All our Rabbits have bred from Rabbits brought 
from other countries. The Rabbit is really native to 
Spain, Italy, North Africa, and Arabia, but he has been 
brought by man to other countries. 

Hares. — Hares are very like Rabbits, but larger. The 
ears are rather longer than in the Rabbit, and tipped with 
black. The Hare never burrows, but lies on the ground. 
In summer it chooses shady places, but in winter it lies in 
open fields, where it gets all the sun it can. The Hare 
scratches up a rough lair, or bed of leaves and grass, which 
is called its form. 


LESSON III. 

BIRDS. 

Wanted: — A Bird’s Wing . The Bones of a Wing , laid 
out on black card or wood . Eggs of various Birds . 

Birds have Feathers and Wings.— Birds are the only 
animals which have true feathers. Mammals never have 
feathers, but only hair. Most Reptiles and Fishes have 
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scales. Birds have wings, with long feathers, called quills, 
in them. The wings are to fly with, but some Birds which 
have wings never fly. The common Fowl flies very badly, 
and only fo%a short distance. The Ostrich never flies at 
all. Do you know any other Bird which cannot fly ? 
Some one says the Goose ; that is because you have only 
seen tame Geese, which have had their quills cut or 
pulled out. The Wild Goose is a splendid flier, and can 
easily fly a hundred miles at a time. Wild Geese often 
fly in flocks, high up in the air, so high that they look like 
little specks. 

Bills. — Birds have hard, horny bills, instead of lips, 
because they have to pick up everything they want with 
their mouths. We have hands; Cats and Dogs have very 
useful fore-paws ; Cows and Horses have no paws ; indeed, 
they would not know what to do with them if they had, 
for the grass upon which they feed does not need to be 
caught or carried. The Bird requires to catch and carry 
such things as seeds or Insects, but it has no hands or fore- 
paws ; it has wings instead, and wings cannot be used for 
grasping. So the Bird’s mouth is made stiff and hard, 
and forms a horny bill, which often ends in a point. Such 
a bill is almost as useful for picking things up as a pair of 
hands. 

Neck. — The Bird has a long neck, so that it can pick 
up objects from the ground without stooping much. It 
can reach every part of its own body with its bill. 

Feet. — The Bird’s feet and the lower part of its legs 
are usually bare of feathers, and covered only Vjith scales. 
This is convenient for a creature that often hops about in 
wet and dirty places ; water or mud will not cling very 
long to the Bird's feet But some Birds which do not 
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run much on muddy ground, have feathers -down to 
their toes. Owls have feathered feet, so have Grouse. 
Birds are very careful to keep their feathers dry, and you 
seldom see a Bird wet, even on a rainy day. JThey spend 
much time in cleaning and smoothing their plumage. 

Bon68 of the Wing. — Here are the bones of a Bird’s 
wing. You see the long bones, which are like those of our 
own arm. Next come two wrist bones. The bones of the 



Fig. 18 . — Bones of a Bird’s Wino. 


hand are so altered that it is not easy to make them out. 
There are really a thumb and two fingers, but these are 
mere stumps, which have lost many of their joints, and 
have become almost immovably fixed. A tough skin is 
spread over these fingers, and the quills of the wing are 
stuck into the skin. This is a hand which can grasp 
nothing; it cannot be used for running like the fore- 
paw of a dog; everything else has been given up in 
order to make it as useful as possible for carrying quills. 
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Nevertheless, we can see that the wing-bones correspond 
to the arm and hand-bones of our own bodies, and to the 
bones of the fore-paw of the Dog. 

How % Bird flies.--When a Bird flies it beats the air 
with its wings. It is the down-stroke of the wing which 
raises the bird in the air. You know that when you jump 
you press your feet hard and suddenly against the earth, 
and as the earth is firm and does not give way, your body 
is forced to give way and rises into the air. In swimming 
we strike the water with our hands and legs, but the water 
gives way very easily, and we cannot push against it so 
well as we can against the solid earth. Air gives way 
even more than water, and hence few animals can move in 
the air at all. Birds can do so, because their wings are 
very broad and strong, and can press a great deal of air 
very hard at the same time. When the air is pressed 
downwards very hard and very suddenly, the bird's body 
rises upwards. All the effect of the stroke would be lost if 
the upstroke were exactly like the down-stroke ; one 
would raise the bird's body in the air, and the other would 
bring it down again. But you can see for yourselves that 
the Bird's wing is arched, and the hollow side is down- 
wards. It is a little like an umbrella, and you know how 
much less the upper side of an umbrella catches the wind 
than the under side. In a high wind we turn the upper 
(or convex) side of the umbrella to the wind, so that the 
wind may catch it as little as possible. If the wind 
suddenly catches the under (or concave) side of the 
umbrella at a street corner it strikes the umbrella with 
such force that it will often turn it inside out. This will 
help you to understand how the under side of a Bird’s 
wing strikes the air much more strongly than the upper 
c 
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side. The air cannot escape so quickly from the concave 
side as from the convex side. 

The wing is at the same time a kind of oar, and the 
Bird travels by rowing with its wings. The^uills of a 
live Bird are not set stiffly in the wing, but are mov- 
able. Each quill can be swung round a little way, like 
one of the bars ot* a Venetian blind. During the up-stroke 
the quills are set so that air can easily pass between 
them ; but during the down-stroke 
they form an unbroken surface, which 
strikes the air with the greatest 
force possible. 

How fast the Wings move. — 

When many strokes are made quickly 
one after another, the Bird rises in 
the air. You can hardly imagine 
how quick the strokes of a Bird's 
wing are. The Heron is believed to 
of the Quills in a nap its wings more slowly than any 
Bird’s Wing. other Bird which lives in this part 

(F}0m M^byidgl!) Vhby of the world. I once counted the 
number of flaps of a Heron’s wing, 
and found them ninety in a minute. You could not move 
your arm up and down so fast for half a minute. Most 
Birds flap their wings far faster than the Heron, sometimes 
so fast that the w r ing cannot be seen at all. 

I have not told you nearly all that is known about the 
flight of Birds, because you are not yet able to understand 
it fully. Wings are very ingenious machines, much 
harder to understand than steam-engines or watches. 

A Bird does not rise in the air because it is lighter 
than the air. It is not at all like a balloon. We see 
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that when a Bird is shot, it falls almost as fast as a 
stone. 

Flight of Sea-gulls. — Sometimes we see Birds fly 
very fast, without any sign of effort. Sea-gulls often 
follow a steamer at sea to pick up bits of biscuit 
thrown to them by the passengers. I have been on 
the deck of a fast steamer, travelling nearly twenty 
miles an hour, and have seen the Gulls follow close 
astern for hours together. They do not flap their wings, 
but seem to sway and lean first this way and then 
that, and travel as smoothly and easily as if they were 
merely floating in the 
air. But they must 
be working hard all 
the time, or they could 
not go so fast. 

Eagles and 
Hawks. — Some Birds 
which live by catching 
other animals and eat- 
ing them are called 
Birds of Prey. Eagles, 

Owls, and Hawks are 
Birds of Prey. They 
are generally strong 
and swift, and have a 
pointed beak, bent 
down at the tip, and 
sharp claws. Eagles 
destroy lambs, and are hunted down by shepherds. There 
are hardly any Eagles left in England or Scotland. Owls 
prey upon Field-mice and Frogs. They swallow them 
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whole, and afterwards throw up the skin and bones, which 
are not good for food. In a cave, or roof, or hollow tree 
inhabited by Owls, thousands upon thousands of bones of 
small animals can be picked up. Sparrowffawks prey 
mostly upon small Birds. Where there are many Hawks 
about, there are hardly any Sparrows, or Tomtits, or 
Larks. 

Nests and Eggs. — Birds lay eggs, and when the 
eggs are hatched, little Birds come out of them. Most 
Birds build nests to keep their eggs safe and warm, 
but some lay their eggs on the ground almost anywhere. 
A Thrush’s nest is very carefully built, snug, and com- 
fortable. A Raven's nest is nothing but a loose heap 
of sticks. Some Birds hide their nests very carefully 
in hedges or tree-tops, or hollow trunks. 

Lapwings. — The Lapwing, which is also called the 
Peewit, lays a few eggs together on the bare ground, 
and we sometimes run a risk of treading upon them, 
when walking upon moors or wild pastures in spring- 
time. As soon as the young Lapwings are hatched, 
they begin to run about and seek their food. The hen- 
bird watches them very carefully until they can fly. 
If you come near the little ones, the mother screams, 
and makes you look at her. Then she flies about 
Very slowly, and keeps settling on the ground as if 
she were unable to fly properly. You wonder what is 
the matter, and think that it would be easy to catch 
her. If you try, she flutters away almost as if her 
wings were injured. Then you run a little faster, but 
the Bird still keeps just out of reach. At last you find 
out that it is all a trick, but by this time you have 
forgotten where you first saw the Lapwing ; the careful 
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mother has managed to lure you away from her helpless 
brood. No doubt she deceives Birds of Prey and hunting 
animals of all kinds in the same way. The Lapwing 
is so namei because she lops, or droops her wing, when 
practising this trick. The name Peewit is intended to 
imitate her cry. Young Lapwings are coloured 
brown and yellow, and look so like the heather and 
withered grass among which they live, that you can 



Fig. 21 . — Lapwing. 


hardly tell that they are alive except by seeing them 
run about, or by catching the glitter of their large, 
bright eyes. When an enemy approaches, the young 
Bird lies quite still, and is then very hard to distinguish. 
What are the worst enemies of young Lapwings ? 
Hawks, I believe. 

Kingfishers. — The Kingfisher lays its eggs in holes 
in the banks of rivers. It makes a rude nest of 
the bones of fishes, to prevent the eggs fjpm rolling 
out. The hole slopes upwards to the nest. Why 
is this ? I think it must be to prevent the hole 
from getting filled with water during heavy rain, or 
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when the river is flooded. In country places you may 
often see the Kingfisher flitting about the bushes on 
the banks of a river. It is a beautiful Bird, with blue 
and seagreen plumage and a chestnut breast*? Its beak 
is long and strong, and its wings and tail are short. 

It dives into the water after 
Fishes, or Water-insects, 
and generally comes up 
again with one in its mouth. 
The Kingfisher darts down 
into the water very suddenly, 
and the Fish has no time to 
escape. It is hard to catch 
a Minnow or any other 
little Fish in this way, and 
the Kingfisher would catch 
nothing at all, if it were 
not able to dart into the 
water like an arrow shot 
from a bow. When the 
Kingfisher has caught a 
Fish, it tosses it up in the 
air, and then swallows it 
head foremost. The King- 
fisher’s eggs are while and nearly round, so are the Owl’s. 
Both are laid in safe places, where they cannot roll. 

Shapes Of Eggs. — Some Birds’ eggs are wide at one 
end, and leather pointed at the other. The Guillemots and 
some other Sea-bird3 lay eggs of this shape. What is the 
reason? It is because they lay their eggs on rocky ledges 
where they are liable to be blown about by the wind. An 
egg that is broad at one end and narrow at the other will 
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not roll far, but will roll round and round. Try to roll a 
pear upon the table. You will find that you can hardly 
make it roll across ; it merely rolls round in a circle. But 
a Fowl's egg can be rolled across the table, though not in 
a straight line; the two ends are not so different in shape 



Fig. 23. — Guillemot. 


as those of a Guillemot. Sandpipers, too, lay large eggs 
which are pointed at one end. They are set in a circle in 
the nest, with the small ends pointing inwards, and thus 
they pack into the smallest possible space, and are easily 
covered by the sitting Bird. « 

Colours of Eggs. — Eggs are of many colours. The 
Owl lays white eggs ; the Hedge-sparrow bluish-green 
eggs ; Sea-birds generally lay speckled eggs. I believe 






40 . 


OBJECT LESSONS FROM NATURE. 


that the eggs are sometimes coloured in a particular way 
to make them less easily seen. The eggs of the Common 
Tern, which are laid on sand, are sand -coloured. I have 
sometimes walked about on rocks by the seaside where 
eggs of Sea-birds were lying, and have found it impossible 
to avoid treading on the eggs now and then, for the speckled 



eggs looked almost exactly like the rocks on which they 
were lying. 

What are the enemies which are deceived by the speckled 
eggs? There are many of them. Some, like the Weasel, 
are small Quadrupeds; others, like the Magpie, the Jay, 
and the Crow, are Birds. 

If a Bird lays white eggs, you may be pretty sure that 
they are not much seen. Either they will be laid in a deep 
hole, or in a deep nest, or they will be covered up by the 
sitting Bird. 

Solan Geese. — There is one of the Sea-birds which 
dives even more swiftly than the Kingfisher. This is the 
Solan Goose, a big white Bird which lives on the coast, and 
gets its living by fishing. There are hardly any Solan 
Geese left in England now, but there are plenty in some 
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parts of Scotland. When the Solan Goose sees a Fish, he 
darts down from a great height, and strikes the water with 
so much force that a shower of spray flies up twenty feet 
or more inft) the air. Perhaps I ought to tell you that the 
Solan Goose is not a Goose at all, but a kind of Pelican. 

Rookeries. — Some Birds are social, and live many 
together in a sort of village. Can you mention an instance ? 


• -M 






Fig. 2o. — G annet, or Solan Goose. 


A Rookery. Yes, that is a sort of Bird-village. No doubt 
the Rooks like company, and I daresay that they and their 
nests are safer for being kept together. All animals which 
live in societies must have some sort of laws, to prevent the 
doing of certain things which are found to bfc mischievous 
to others. I believe that Rooks have laws of their own, 
hut what these laws are I do not know. Sometimes a pair 
of Rooks are not allowed to join the rest. Whenever they 
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come near, they are buffeted, and driven away. Sometimes 
the Rooks will not allow a nest to be built in a certain tree, 
and if the nest is begun, the others come and pull it to 
pieces. A friend of mine once saw a young Iteook killed 
by its companions. As they were flying out together, one 
Bird flew up above the rest, and suddenly came down with 
great force, and drove its beak through the head of the 
young Rook, which fell dead to the ground. I think that 
the poor Rook must have done something which the others 
thought worthy of death. Rooks seek their food in the 
fields, and live upon Insects, which they dig up with their 
strong beaks. It is believed that they also feed upon grain. 
Sometimes Rooks build little collections of nests, like 
small outlying villages, away from the towns, which are 
the large Rookeries. They all come back to the towns, or 
large Rookeries, in winter. All the Rooks which we see 
flying about do not belong to Rookeries in the neighbour- 
hood. Some are wanderers, on their way to other parts of 
the country, or even to other countries. 

Rooks seem to be fond of company, for they often go 
about with quite different Birds, such as Starlings, or 
Jackdaws. But I am not certain that it is the Rooks who 
seek the company of the other Birds. Perhaps the Starlings 
and Jackdaws follow the Rooks about. Sparrows are fond 
of building under Rooks’ nests. 

Birds of Passage. — I daresay you all know that 
there are Birds which are only to be seen in England during 
the summer. Can you mention one or two of these? The 
Swallow is one, the Nightingale is another, the Cuckoo is 
a third, the Corn-crake is a fourth. Well, here are exam- 
ples enough, but plenty more could be named. Then there 
are Birds which come to us only in the winter. Can you 



Fig. 20. — Swallow. Fig. 27. — Nightixoalk. 

Comes to us in Spring. Comes to us in Spring. 

generally go away before summer. Many Birds remain 
with us all round the year. Do you know*of any such 
Birds? The Blackbird, Thrush, Starling, llobin. Yes, 
that will do. I must tell you, however, that these Birds 
are. not all of them quite so settled as you might think. 
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Naturalists believe that, though we have Robins with us 
all round the year, our winter Robins fly north in spring, 
and their place is taken by other Robins which come to us 
from the south. & 

Now let me see if you can tell me why Swallows and 
other birds migrate, or pass from land to land at certain 
seasons of the year. You tell me that when winter is 



Fig. 28.-— Cuckoo. 

Comes to us in Spring. 

coming on they fly to warmer countries, and theu in 
spring they return to enjoy our pleasant summer. I 
think that Swallows do not fly away southward in autumn 
because they are afraid of the cold, for they are hardy little 
things. I believe that they stay as long as the small flies 
upon which they feed are abundant, and go away when the 
cold checks the numbers of the flies. Many of these flies 
are hatched from little worms which live in water, and 
they do not change into flies unless the weather is tolerably 
warm. You know how many swarms of small flies we see 
on hot evenings, and how scarce they are in cold weather. 
The fly-eating Birds generally migrate southwards* in 
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Fig. 29. — Woodcock. 
Comes to us iu Autumn. 


Fig. 30. — Fieldeare. 
Comes to us in Autumn. 


obliged to migrate from England when winter draws near, 
for they can get food even in cold weather. * 

Hard-billed and Soft-billed Birds. — Let me point 
out a way of telling the Insect- feeding Birds from those 
Which live upon seeds. The Birds which live upon seeds 
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must have hard and strong bills, for the seeds are often 
hard to crack. You know that the Canary, which we keep 
in cages, is a seed-eating bird. Look at its bill, and you 
will see that it is thick and strong. The Canai^ is a kind 
of Finch y and all the other Finches, such as the Goldfinch, 
the Bullfinch, and the Chaffinch, are seed-eating birds with 
strong bills. So are the Buntings. Such birds as the 
Finches and Buntings can stay in England all round the 
year. The Insect-feeding Birds have soft bills, and these 



Fig. 31. — Bills of Finch (a), and 
Bunting (b). 


are sometimes very 
slender. Many kinds 
of soft-billed Birds are 
obliged to migrate in 
autumn for the sake 
of food. 

Gizzards. — Birds 
which feed on seeds 


and grain have a curious mill in their bodies, called a 
gizzard. It is fleshy outside, but has a very tough lining, 
and contains a number of small stones. All the food of a 


grain-eating Bird passes through the gizzard, and gets 
ground up there. The Bird has to swallow fresh stones 
now and then, because the old ones wear away, and pass out 
of the gizzard, and are lost. If you hold a Pigeon to 
your ear when it is digesting its food, you can hear the 
grating sound of its gizzard. 

Snowstorms and Famine. — Birds which stay the 
winter in England manage pretty well, except when the 
snow lies long on the ground. Snow covers up the loose seeds, 
and prevents the worms from coming out of their holes. 
You know that there are many Birds, like the Thrush and 
Blackbird, which live almost entirely on worms, and 
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starve by thousands when the ground is covered with snow, 
or kept hard by frost for weeks together, as it is in severe 
winters. The grain-feeding Birds are hardly better off. 
Even if they find a few berries or chance seeds they cannot 
feed upon them, for after a long spell of snowy weather 
they have no stones or gravel left in their gizzards, and 
cannot pick up fresh ones, so they cannot grind their 
scanty supply of food. A long snowstorm brings many 
hardships upon wild animals. Gulls, and Hooded Crows, 
and Sky-larks, which naturally love quiet and solitary 
places, will then venture into towns in search of food ; 
and even the timid Hare will creep into the gardens of 
country-houses, and gnaw the shrubs. 


LESSON IV. 

INSECTS. 

Wanted: — A large Beetle , a Butterfly and a Bluebottle 
Fly . Divide each Insect into head, thorax , and ab- 
♦ domett . Pin or gum these , back downwards, to a card , 
with small spaces between . Cut off the icings, and 
arrange them at the sides of the thorax . The legs may 
be left attached to the thorax . 

Parts of an Insect. — We have before us three Insects, 
divided so as to show the three principal divisions of the 
body — head, thorax, and abdomen. The head carries the 
eyes, the antennse, or feelers, and the moi*th with its 
biting or sucking organs. Inside the head is the brain, 
which feels, and guides all the movements of the body. 
The thorax carries the wings and legs. How many wings 
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has the Butterfly ? Two on each side. How many wings 
has the Fly ? One on each side. How many has the 
Beetle ? Two on each side ; but the fore pair are not like 
the hind ones. They are hard and stiff, and $f no use in 
flying. These are called wing-covers . They overlie the 
hind wings, and protect them when the Beetle is creeping 
or burrowing in the earth, or resting. How many legs 
has the Butterfly ? Six. How many has the Fly ? Six. 
How many has the Beetle ? Six. All full-grown Insects 
have six legs, neither more nor less. They may have two 
pairs of wings, one pair, or none. The abdomen never 
carries legs or wings ; it contains the digestive organs, 
and in female Insects may also contain a vast number of 
eggs. 

Hard Skin. — The body of an Insect is usually covered 
with a hard skin. This becomes so hard in the Beetle 
that we might almost call it a shell. In the Bluebottle it 
is smooth and shining. In the Butterfly it is covered with 
hairs, and feels soft and flexible, but it is tolerably tough. 
The skin is folded inwards at nearly regular intervals. 
The folded-in parts are thin and flexible; the exposed 
parts, which can be seen from the outside, are thicker — 
sometimes much thicker. These folds are called the rings 
of the body, but they are not separate rings. I can take a 
sheet . of paper and fold it across several times so as to 
form sharp sunk folds, like those of an Insect's skin. If I 
now bend the folded paper round into a tube, it will be 
rather like the outside of au Insect's body. 

Many Kinds of Insects. — There is an immense 
number of different sorts of Insects. No one person knows 
them all ; perhaps no one knows so many as a tenth of all 
the living Insects. If you were to spend five minutes 
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upon each, and work twelve hours a day, it would take you 
several years to examine every different sort* 

Some Insects live in earth, many on trees; some in 
seeds, manj» in grass, some in water. A very few have 
been found alive at the bottom of the sea, but these may 
have been carried down by rivers. 

The wings of some large Butterflies would cover a 
dinner-plate. Many Insects are so small that they cannot 
be seen without a magnifying glass. 

Shapes of Insects. — Some Insects have very odd 
shapes. There is a large foreign Beetle which is nearly as 
flat as a leaf. It creeps about under dead fallen trees. 
Some are round like a gooseberry. Many have legs longer 
than their bodies, or horns of ' curious shapes, or great 
boring tubes, which look like tails. 

Food of Insects. — Some Insects feed upon living 
animals, which they hunt and kill. Most of them feed 
upon plants. Many are fond of the sweet juices found in 
flowers. 

Changes of Skin. — Insects change their skin several 
times in the course of their lives. The hard skin will not 
stretch or grow, so a new and soft skin forms beneath it 
from time to time. The new skin is a good deal larger 
than the old one, and is creased or wrinkled all over. 
When the time for a change of skin has come, the old skin 
cracks along the back, and the Insect creeps out. The 
new skin is then fully formed, but soft and flexible. It 
soon swells out and hardens, and then the Insect is pro- 
vided with the extra space which it requires inside its body. 
All the muscles have to be loosened from the old skin and 
Med to the new ones ; so it is not surprising to find that 
the Insect is generally sluggish, and rests as much as 
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possible for a few days before moulting-r-that is, changing 
its skin. When Insects have got their wings they are 
full-grown, and change their skin no more. 

Larva and Chrysalis. — Insects generally begin life 
as soft-bodied Grubs or Larvce . Afterwards they become 



Fig. 32. — Cochineal Insect upon Cactus Plant. 


motionless, and rest for a time in a rounded case, which 
is often covered with silk spun by the Insect itself, 
resting and motionless Insect is called a Chrysaiis, 
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When the Chrysalis-time is over, a winged Insect usually 
comes out, such as a Beetle, or a Moth, or a Butterfly. 
Some Insects never pass through a Chrysalis stage, but run 
about all their lives. 

Useful Insects. — A few Insects are very useful to us. 
The Bee makes honey and wax. The Silkworm spins silk 
for its cocoon, and this 
can be unwound and 
made into a very valu- 
able glossy thread. 

The Cochineal Insect 
contains a red dye, 
which is much prized. 

Mischievous In- 
sects. — I am sorry to 
say that there are far 
more mischievous than 
useful Insects. Flics 
and Gnats plague us a 
great deal in hot 
weather. The Tzetze- 
fly destroys cattle and 
horses in one part of 
Africa, so that these 
animals cannot live Fig. 33 .— Larva, Chrysalis and Moths 
there at all. Small ( MALE ANU FE “ ALE ) OF Silkworm. 

^,1 , . , , , The Chrysalis is shown both in the cocoon, and 

LlOtueS - moths eat taken out of it. One of the larvee is beginning 

woollen things of all tospin * 

kinds when they are put away in drawers or cupboards. 
The Weevil, a little Beetle, eats and spoils a great deal of 
cprn. The grub of the Daddy-long-legs, a kind of two- 
winged Fly, destroys grass by gnawing its roots. The 
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Turnip-fly, a small Beetle, often eats up whole crops of 
Turnips and Cabbages, White Ants, which are found 
only in hot countries, eat wood, and paper, and cloth, and 
everything sweet, and all kinds of food. There are more 
mischievous Insects than I could mention in a long talk. 

Differences between Insects and Vertebrate 
Animals. — The body of an Insect is put together very 
differently from that of a Mammal, or a Bird, or a Fish. 
In a Mammal, for instance, there is an outer skin, and 
beneath this are the muscles, or .flesh, clothing the skeleton. 
The muscles are bands or strips of flesh fastened to the 
bones, and able to pull them this way or that. The trunk, 
and the head, and the limbs of the Mammal have each a 
bony skeleton inside covered with muscles. One set of 
bones hinged together forms the back-bone ; and all these 
bones, which are called vertebrae, are threaded through by 
the spinal cord, which joins the brain, and sends out the 
nerves to various parts of the body. What is the use of 
the nerves ? Some of them are organs of feeling. They 
put the brain, or spinal cord, in communication with the 
skin and other parts of the body. When anything pricks, 
or presses, or burns one of our fingers, the nerves com- 
municate an impression to the spinal cord and brain. As 
soon as the impression reaches the brain, we become aware 
of what is going on in the finger ; and then we say that we 
feel a prick, or a pressure, or a bum in that finger. Other 
nerves have nothing to do with feeling. They lead from the 
brain or spinal cord to the muscles, and excite them. When 
any muscle is excited by a nerve it shortens, and pulls the 
bone to which it is fastened. Such nerves might be called 
nerves of motion , in order to distinguish them from the 
Below the back-bone in any Mammal 
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comes a large space, in which the stomach and other organs 
o£ digestion lie. On the under side of the body, in the chest, 
lies the heart, which drives the blood all over the body. 

In an Insect things are very differently arranged. The 
skin is generally hard and firm, and all the muscles are 
fastened to it. There are no bones inside the body. If an 
Insect wishes to move, its muscles do not pull bones, but 
particular parts of the skin, such as the skin of the legs. 
That is the first difference which we have to notice. 

In all Vertebrate animals the chief organs are* placed 
as in Mammals. The brain and spinal cord are towards 
the back, the stomach and digestive organs in the middle, 
the heart towards the lower side (which becomes the front 
side in Man in consequence of his upright attitude). But 
in Invertebrate animals, 
such as Insects, the heart 
generally lies along the 
back, and the nerve-cord 
lies along the under side. 

If you turn a Vertebrate 
animal upside down it has 
the heart and stomach and 
nerve-cord in the same posi- 
tion as those of an Insect. 

Breathing of Insects. 

— Insects have what seems 
to us an odd way of breathing. We are used to animals 
which breathe through the mouth, and take air into their 
lungs. Nearly all Vertebrate animals, except Fishes, breathe 
in this way. Fishes, as a rule, have no lungs, and they 
breathe by slits in the sides of the neck. Water is taken 
in by the mouth, and rushes out through these slits. The 
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Fish extracts from the water some of the air contained in 
it, and breathes in this way, if we can call it breathing at 
all. An Insect takes air into its body just as we do, but 
not by its moutb. It has holes all along th£ sides of the 
body, and the air is made to enter at these holes. Then it 
passes into pipes, which break up into smaller pipes, and 
these again into smaller still. The air-pipes in an Insect's 
body branch like the gas-pipes laid in the street. You 
know that there is a large pipe, or gas-main, running along 
the street, and from this pipes are led off into each house, 
and smaller pipes to every room. Air is sent round to all 
parts of an Insect's body, in something like the same way 
that gas is sent to all parts of a town. 

Plant-feeding Insects. — Most Insects feed upon plants. 
You all know that Caterpillars eat leaves, and do much 
mischief in our gardens and fields. But you would be 
surprised, I think, to find how many Insects are at work 
at the same time upon any tree or bush. If you spread a 
white cloth under a bush in June or July, and beat the 
bush vigorously with a stick, the Beetles and Caterpillars 
which were hidden beneath the leaves are shaken off and 
can be picked up by scores. If you examine the bush 
carefully you will see plenty of marks of little nibbling 
Insects. Some of the leaves are gnawed round the edge, 
some have round holes bored through them, some have 
galleries worked out in the thickness of the leaf, and these 
galleries gradually widen out as the creature grows bigger, 
some are eaten away till hardly anything is left except the 
tough ribs and veins. The bark is eaten by other Insects, 
and beneath the bark will, perhaps, be found yet other 
kinds which feed upon the soft young wood. Other 
Insects live upon the roots, and spend most of their lives 
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underground. Some live in the very heart of young buds. 



wood is drilled by 9 waiting toconsume it. Little 

small Beetles. When 9 grubs make their way in as 

the fruit appears, an 9 soon as the flowers fall off, 
army of greedy In- 9 and go on eating steadily till 
sects of all kinds is </f the fruit is ripe. Others, 



Fig. 36 . — Mouth-parts of 
Moth. 


like the Wasp, bite pieces out of 
the most tempting part of the 
ripe fruit. Some prefer the seeds, 
and these have a great opportunity 
when they are so lucky as to get 
into a granary. 

Carnivorous Insects.— There 
are Insects which have quite dif- 
ferent tastes from the plant-eaters. 
They prefer to eat other animals, 
and hunt them down and kill 
them. The Dragon-fly is one of 
these carnivorous insects. The 


^ueed ]arva of the Dragon-fly lives in 
water, and devours TSdpoles and 
small Water-insects. The winged Dragon-fly hawks about 
the fields and woods, and preys upon all sorts of weaker 
Insects* It has great eyes to see its victim s, and large, 
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Fig. 37. — Head or Nightjar. 

They often have a long, 
hollow trunk, or sucking- 
tube, which they can pass 
down into the very bottom 
of the flower, where perhaps 
the body, or even the head 
of the Insect could never 
get. The Insect clings to 
the flower with its legs, or 
hovers over it, and sips the 
sugary juice. I think our 
forefathers must have been 
thinking of these flower- 
haunting Insects when they 
talked of fairies, which shel- 
tered under toad-stools, and 
drank out of the bells of 
the cowslips, and flew about 
on summer nights by the 
light of the moon. 

Enemies of Insects. — 

Insects have many enemies, 


gauzy wings to bear it 
swiftly along, and sharp, 
strong jaws to bite and 
slay. e 

Flower-haunting In- 
sects. — Moths and But- 
terflies, and many other 
Insects besides, live upon 
the sweet juices of flowers. 



Fig. 38.-— 
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and the worst of these are Birds. Many Birds feed upon 
nothing but Insects. The Night-jar flies about on a 
summer evening with its great mouth wide open, on 
purpose to oatch Flies, Beetles, and Moths. Swallows and 
Swifts do the same thing by day. The Shrike prefers 



Fig. 39. — Puss Moth and Larva. 

The larva frightens away enemies by its dangerous look. The spots whioh look 
like eyes are only coloured patches. If touched, it shoots out coloured threads 
from the two tails. 

Beetles and large Insects, or even small quadrupeds, such 
as Field- voles, and has the curious habit of sticking them 
on thorns, and eating them bit by bit, as it feels disposed* 
Rooks dig grubs out of the earth with their long bills. It 
seems a wonder that any Insect can escape these swift, and 
keen, and hungry enemies. 

Defences of Insects. — But the Insect has defences of 
its own* Some Beetles have a skin so hard as to resist 
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even the peeking of a Bird's bill. Others have ugly spines, 
which tear the mouth of any animal which tries to swallow 
them. Some Moths and Butterflies, which are provided 
neither with hard skin, nor with spines, have a fiisagreeable 



Fig. 40. — Geometer Moth and Fig. 41. — Geometer Larva 
Larvje. letting itself down by 

a Thread. 

taste, so that no Bird will eat of them a second time. You 
may thiuk it is a poor comfort to the Insect which has been 
torn in pieces, that it leaves a bad taste in the mouth of its 
destroyer. Yet it is a great advantage to any kind of 
Insect to be shunned by Insect- feeding Birds; and though 
one perishes here and there, the race is protected by its ill- 
taste. 

Some Insects are well protected by their hairy skin/ 
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AH animals dislike swallowing hairy objects, for the hairs 
are not easily wetted, and are apt to stick in the throat. 
Cattle generally refuse hairy grasses. Birds generally 
refuse haii^ Caterpillars. In certain Caterpillars the body 
is covered with hairs half an inch long, crowded as close as 
they can stick. Such hairs are not only a protection 



Fig. 42. — Leaf Insect (Phy Ilium ). . 


against bites, which is their main purpose, but also against 
a blow or a fall. A hairy Caterpillar can fall from a con- 
siderable height without injury, for the springy hairs break 
the force of the fall. 

Now and then Insects frighten dangerous enemies away 
merely by their threatening appearance. Some Caterpillars 
have ugly things like horns standing out* from their 
bodies ; others have large spots, shaded to look like eyes ; 
and there are a few which, as they rest on a’ branch, look 
like venomous creatures preparing to bite. 
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Some Insects manage to escape the notice of their enemies 
altogether by taking a form or colour like that of surround- 
ing objects. Many leaf -eating Caterpillars are green, and 
are not easily seen on the under side of a green«leaf . The 
Caterpillars of the Geometer-moths, which are common on 
trees, can often hardly be distinguished from twigs. They 
are cunning enough to stick out from the branches to 
which they cling, so as to take the position as well as the 
form and colour of a fwig. If the disguise be detected, 
the Caterpillar drops suddenly, and seems to have disap- 
peared altogether. It is really hanging by a thread of 
silk, and when the danger is past, it climbs back to its 
old place. The Leaf-insect, found in the Malay Archipelago, 
is so like a green leaf of the Myrtle on which it feeds, that 
it ishard to find the Insect, even when you look carefully 
for it on a plant where you know it is concealed. Some of 
the Locusts of the same part of the world resemble dead 

sticks. They are careful 
to put their legs into 
a natural attitude when 
resting. Perhaps the 
most interesting of all 
the defences of Insects is 
that of Mimicry. An 
Insect, which is really 
harmless and good to eat, 
often assumes the appear- 
ance of a dangerous or ill- 
tasted kind. For instance, Wasps and Bees are dreaded by 
other animals on account of their stings. Certain Insects, 
which have no sting at all, such as Flies and even Moths, 
make themselves as like Wasps and Bees as they can, and 



Fig. 43, — Moth (Sesia apiformis ) 
WHICH IMITATES WASPS AND BEES. 
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are let alone in consequence. We can hardly help talking 
of them as if they knew what they were about, but I 
believe that the Insect which mimics another can no more 
choose a farm and colour for itself than we can. 

There are Insects which protect themselves by making 
a kind of house or nest. If it is made of materials which 
lie all about, so much the better, for then it escapes notice 
altogether. Some Caterpillars roll up leaves into a tube ; 



Fig. 44. — Caddia Fly, and Case of Larva made of Bits of Stick. 
Others make their cases of sand, small pebbles, or shells. 


some are able to sew bits of leaves together. The Caddis- 
worm, which is very common in our brooks, glues together 
bits of stick or stones, and makes a sort of house, which it 
carries about wherever it goes. No doubt the Fishes take 
it for a heap of gravel, or a bundle of sticks, and let it 
alone. There are Wasps which make hollow cells of clay 
to lay their eggs in. But the Bees are the most ingenious 
of all. They first of all make wax, and then they shape 
the waxjinto the most beautiful and ingenious houses. 
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LESSON V. 

CATERPILLARS, MOTHS, AND BUTTERFLIES. 

#> 

The Rearing of Caterpillars.—When I was a school- 
boy I was taught by my companions to keep Caterpillars. 
Near our school-house was a large field, in one corner of 
which nettles grew plentifully, and here we used to 
capture our live-stock. The favourite Caterpillars were 
those of the Small Tortoiseshell Butterfly and the Tiger- 
moth, especially the latter, which we called Woolly Bears. 
We made paper cages, after a fashion known to all school- 
boys, and after feeding our Caterpillars for a month or 
two, were often rewarded by getting the handsome Butter- 
fly or Moth, which comes out late in the summer. I 
must admit, however, that we often lost our Caterpillars, 
generally by some piece of carelessness, such as forgetting 
to feed them, or letting a heavy book drop on the light 
house of paper in which they dwelt. Nowadays, though 
the taste for rearing Caterpillars has not left me, I take 
more pains, and manage better. It is well to keep good- 
sized branches or stems of the food-plant, with plenty of 
leaves on them. To make them last long, the cut ends 
must be kept moist. There is nothing better than a 
flower-pot or pickle-bottle filled with wet sand. Stick 
the cut ends of the branches deep down into this, and the 
leaves will keep green for many days. If you have a 
room, which is not visited by meddlesome people, you 
hardly want anything more. Put your jars on a bare' 
table, so that you can sweep it clean when you think fit. 
Now and then a Caterpillar will go astray, but it is found 
and put back without much difficulty. This plan does 
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not answer with Woolly Bears, which are active and fond 
of exploring. Most people who keep Caterpillars have not 
a room to themselves, and must imprison their pets. A 
large box jrith the top made of perforated zinc instead 
of wood, and with a pane of glass in front, is handy to 
keep the bottles in, and will prevent the Caterpillars from 
wandering. Some 
people put a bell- 
glass over each bottle 
instead, or merely tie 
a piece of muslin over 
the food-plant. You 
will find that a little 
contrivance will save 
much cost in fitting 
up a lodging for your 
Caterpillars. 

The best Sorts 
to keep. — The next 
thing is to stock 
your house. June is 
the best time to be- 
gin, for then you can 
get plenty of leaves. 

It will save trouble, while you are new to the business, to 
go to a dealer for eggs or young Caterpillars. There are 
several dealers in London who send them out by post to 
all parts of the country. I do not think that you can do 
better than ask for eggs of the Small Tortoiseshell Butter- 
fly, the Tiger-moth, and the Vapourer-moth. The first two 
feed on the Nettle, but the Tiger-moth Caterpillar will also 
eat Dock-leaves or Lettuce. The Caterpillar of the Vapourer 



Fig. 45. — Small Tortoiseshell Butterfly, 
with Larva and Pupa. 
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moth is fond of Laburnum and Hawthorn and Rose-leaves ; 
but it will eat the leaves of most of our common trees. 

Hairs of Caterpillars.-— All these Caterpillars are 
hairy. The back of the Woolly Bear (larva or oaterpillar of 
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Butterfly is dusky and spotted, with stiff, branchedr hairs 
scattered over its body. What is the use of these hairs ? 
First of all, they stick in the throat of any Bird which 
tries to swallow the Caterpillar. That is a great point. 
Birds soon learn to avoid them, and the lives of countless 
larvae are spared. But the hairs have another use also. 
You will find that the Woolly Bear is very active, and 
runs about the branches. Now and then it gets a tumble, 
but as it falls it rolls itself up into a hall, and when it 
reaches the ground it picks itself up directly, and is none 
the worse. All Caterpillars which live at a height from 
the ground are liable to be shaken off, but those which 
are protected by elastic hairs, standing out like springs on 
all sides of their bodies, can fall from a good height 
without injury. 

Legs and Jaws. — When you find one of these Cater- 
pillars quite still, and with its side turned towards you, 
notice its feet. Behind the head are three pairs of long 
pointed feet, corresponding to the legs of the Moth or 
Butterfly. Farther back you will see four pairs of short, 
stumpy feet, which are found only in the Caterpillar. 
These support the hinder part of the body. At the tail 
are two more, which can be turned towards each other, 
like finger and thumb. These are particularly useful in 
grasping. Caterpillars can generally hold on to a twig by 
the last pair of feet only. The head is small, black, and 
shiny. It carries a pair of strong jaws, which are busy at 
work most of the day, for the Caterpillar eats much in 
order to grow fast. The head is also provided^with a pair 
o£ short feelers, and other parts, which can only be seen 
by a magnifying glass. There are very small eyes on the 
top of the head. 
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Breathing-holes. — Look at the sides of any of these 
Caterpillars, and you will see the breathing holes. These 
are very plain in the Woolly Bear, because they are edged 
yrith white. There is a pair of openings to cffrery ring of 
the body except two, the second and third behind the head* 
The air taken in by these holes is carried by branched 
tubes to all parts of the body. You remember that Insects 
do not take in air by their mouths, as we do, and they 
have no lungs to breathe with. 

Feeding. — The Caterpillars feed greedily, and you will 
often have to bring them fresh leaves. Be very careful 
not to disturb them much when you change the food-plant. 
It is often best to leave the Caterpillar clinging to the old 
branch or leaf. It will walk away of its own accord after 
a time, and begin to feed on the fresh leaves. 

Change of Skin.— Now and then Caterpillars turn 
sluggish, and cease to feed. They are about to moult, or 
change their skins. The old skin splits down the back, and 
the Caterpillar wriggles out with some difficulty. You see 
that the new skin is got ready before it is actually required, 
and at last nothing has to be done but to slip off the old 
skin. By changing its skin from time to time the Cater- 
pillar can grow bigger without stretching the old skin 
more than it will bear. As soon as the larva has become 
free it proceeds to eat its cast-off skin. This is always 
done in a particular way. It turns round, until it is in a 
line with its old skin, head to head, and then eats it up 
from head to tail. 

Change to a Chrysalis. — At last the Caterpillar has 
done feeding, and has grown to its full size. The next 
thing to be thought of is to lay the eggs, out of which a 
new set of Caterpillars is to be hatched. But it would not 
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do for the Caterpillar to lay eggs. They could only be laid 
on the very same plants upon which the Caterpillar lived. 
Before long those plants would be crowded with Cater- 
pillars, or eifen eaten up altogether. The eggs must be 
carried far away, and laid in a fresh place. To make this 
possible the Insect must, as a rule, get wings. Now 
this is a serious business. A great change has to be made 
in the form and habits of the Caterpillar before it can be 
prepared to fly. The work is begun in good time. Long 
before the Caterpillar ceases to feed, wings and a new set 
of legs and new eyes, and other parts which will be after- 
wards wan tea, begin to grow beneath its skin. In fact a 
new skin is formed within the old one, as in an ordinary 
moult, but this time the new skin is quite different from 
the old one in which it is enclosed. There is not much 
room for the new legs and wings under the old skin, 
and they are very much cramped and curled up. The 
old jaws will not suit the winged Insect, which cannot 
stop to eat green leaves and such things, but is fed upon 
the sweet juices of flowers. The old eyes will not do 
either. A flying Insect needs far keener and longer sight 
than a creeping Caterpillar. Accordingly the last moult 
of the Caterpillar is much more important and serious than 
any other. A time comes when the new parts have grown 
so big that they get in the way of the old ones. The new 
sucking organs of the mouth prevent the old jaws from 
working any longer. When this happens the Caterpillar 
stops feeding. But it is by no means ready to fly as yet. 
None of its new organs are fully formed. The wings are 
short, and quite unfit for flying. The legs are far too soft 
to bear the weight of the Insect. The new mouth-parts 
and the new eyes cannot be used for a long time. It is 
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plain that the Caterpillar must lie up and rest, for its old 
tools are spoilt and the new ones are not yet ready. So 
the Caterpillar changes into a Chrysalis, or Papa, and rests 
for a time. The way in which it does this if very nearly 
the same in all our Caterpillars. I will first describe the 
change as it takes place in the Small Tortoiseshell. 

Chrysalis of Small Tortoiseshell Butterfly — When 
the Caterpillar is full-fed it begins to spin a very simple 
sort of web upon the nettle. Then it fixes the hooks of the 
last pair of feet into the web, and gradually straightens 
out its body, so as to hang head downwards. 

At this time the Caterpillar is in a curious condition. 
It has the outward appearance of one of the Caterpillars 
which are still busy feeding, with strong jaws and short 
feelers, three pairs of pointed legs, four pairs of short feet, 
and a pair of claspers at the tail-end. But all these parts 
are mere skin ; close under them are the parts of a Butter- 
fly* — a long trunk or sucker, three pairs of long legs, two 
pairs of wings, and no legs at all in the hinder half of the 
body. No wonder that it needs to rest and collect itself 
when the inside of its body agrees so little with the outside. 

The Caterpillar hangs head downwards, and before long 
loses the power of moving its legs. Then the skin splits 
once more, and is slipped upwards towards the web. The 
Chrysalis in this way gets free from the skin of the 
Caterpillar, which is generally dropped to the ground. 

I must try to make you understand dearly that the 
Chrysalis has all the parts of the Butterfly, but that these 
parts are still soft and tender. When it first comes out 

* Strictly speaking, these parts belong not to the Butterfly, but to 
the Pu pa; the organs which will afterwards be used by the winged Insect 
are developed within them. But this distinction need not be attended to 
by very young naturalists. 
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from the Caterpillar-skin, its wings, and legs, and long 
antennae, and sucking trunk, are to be seen quite plainly. 
They are enclosed in a tight-fitting skin, which will only 
be shed whep the Butterfly comes out ; but this skin is at 
first perfectly transparent. The Chrysalis now arranges all 
these parts in an orderly manner, different from that in 
which they were previously packed. The two pairs of 
wings are folded over the breast, one pair outside the 



Fig. 47. — Peacock Butterfly casting the Larval Skin. 


other, in much tlje same way that a boy's jacket is but- 
toned across his chest ; but you must suppose that the boy 
has two jackets on, to make the comparison complete. 
This leaves a three-cornered space beneath the head, which 
would be filled in the boy's case by a necktie. Here the 
Chrysalis arranges its six legs. In front of these it lays 
out its long antennse, one on each side ; while the sucking 
trunk is placed in the middle. A sort of gurft then flows 
out from the body of the Chrysalis, which hardens after a 
time, and fastens the limbs in their place. The Chrysalis 
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looks more like a mummy than a Butterfly when all its 
limbs are glued down. The gum turns dark-coloured and 
horny as it dries, and then the Chrysalis moves no more, 
until it has gained enough strength to tear it§elf free from 
the mummy-ease. 

The Chrysalis of the Tortoiseshell Butterfly generally 
gets a gilded appearance after a few hours. I need hardly 

tell you that it is not gilded 
with gold-leaf. It is said 
that this colour is produced 
^y the shining of a white 
lUBIJ skin through a coat of yellow 

There is nothing more to 
m| J T do for the Chrysalis but to 

VW let it rest undisturbed, hang- 

▼ ing by its tail. In a few 

and Antennas spread out. its case, and a beautiful 

Butterfly will come out, 
painted red and yellow and brown, with a row of blue spots 
along the edges of its wings. 

Chrysalis of Tiger-moth. — The Tiger-moth Cater- 
pillar makes a cocoon, or woven egg-shaped case, instead 
of a web, and weaves most of its own hair into it. When 
the Moth comes out you will be delighted with it, for it 
is one of our handsomest Insects. The fore wings and 
fore part of the body are black and white ; the hind wings 
and hind part of the body are red and black. 

Chrysalis of V apour er-moth. — The Vapourer Cater- 
pillar also spins a cocoon, and remains concealed in it until 
the Moth is ready to come out. The male Moth is brown. 
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with a white spot on each fore wing. The female has a 
great fat body, and no wings that you can see. You will 
find her clinging to the outside of her cocoon, and she lays 
her eggs tljere. If you look carefully you can see her 
breathing. She moves the hinder end of her body in and 
out like a concertina. Wasps and Bees can be seen to 



Fig. 49 .— Lahva and Male and Female Vapourer-moth. 
The female ia wingless. 


breathe in the same way ; but I know of no other Moth or 
Butterfly which can be seen to breathe. 

How the Female Vapourer-moth manages without 
Wings, — I told you that the Insect must, as a rule, have 
wings when it is ready to lay its eggs ; but you observe 
that the female Vapourer-moth has no wings .fit to fly 
with. How does it manage to lay its eggs in fresh places, 
and avoid crowding ? 

Most Insects which feed upon plants will eat one par- 
ticular kind only. They will starve rather than eat any 
other. Such Insects are very liable to be overcrowded, 
especially if their food-plants grow singly, each by itself. 
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But if the Insect feeds upon trees, which produce great 
numbers of leaves, there is less risk of overcrowding ; and 
if it will eat leaves of any kind, it will have no difficulty in 
getting supplied. The larva, will seldom require to move 
to another tree ; and if it does, the very next tree will do. 
Such larvfle run little risk of overcrowding. 

The Yapourer larva is one of these. You will learn for 
yourselves, if you rear them, that they feed on the leaves 
of trees, and that they are not at all dainty about their 
food. I believe that this is the reason why the female can 
manage without wings. 


LESSON VI. 

ANIMALS OF ALL SORTS. 

Wanted: — Example* of any of the animals mentioned . A 
fresh Fish , with large Scales , such as a Herring or 
Gold Fish. Lice Gold Fish. Black and white howls. 

Classification. — There is such a vast number of 
different kinds of animals that we cannot remember the 
names of more than a very small part. The most learned 
naturalist does not know a tenth of all the animals to be 
met with in his own country, and when he sees a new 
animal he often does not know what to call it. But he 
knows what animals it most resembles. He can turn to his 
books, and make out with a little time and patience all that 
others have found out about it. He can do this because 
the facts have been classified, that is, arranged in an 
orderly manner. 

It is not necessary for you to be able to name all the 
animals which you may see, but I think you would like to 
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know what sort of animals they are* Probably you would 
be satisfied for the present with knowing that they are 
Birds, Insects, Worms, or Corals* Afterwards you can 
learn more jj: you like. 

Two Main Groups of Animals.— We divide animals 
into two large groups, Vertebrates and Invertebrates. 
Vertebrates have a skeleton inside their bodies, and a 
back-bone, which is nearly always jointed, and red blood. 
Invertebrates have no back-bone at all, and no red blood.* 
If they have a skeleton it is outside their bodies. 

Glasses of Vertebrates. — Vertebrates are divided into 
Mammals, Birds, Reptiles, Amphibians, and Pishes. The 
first three always breathe by lungs, the last two breathe 
by gills, at least when they are young. 

When we have learnt so' much we can go a step 
farther. Mammals are covered with hair. Birds with 
feathers, Reptiles with scales. Amphibians have feet like 
land-animals, if they have feet at all. Fishes have no 
feet, but fins instead. 

Table of Vertebrates. — We can now make a table of 
Vertebrate Animals. 

VERTEBRATES . — Animals with a back-bone and red blood. 

Division I. -Lung-bee athers. 

Class i. Mammals. Covered with hair. 

„ ii. Birds. Covered with feathers. 

„ iiL Reptiles. Covered with scales. 

Division II.— Gill-breathebs. 

Class iv. Amphibians . Feet like those of Reptiles and 
Mammals. When full-grown they often lose 
their gills. 

„ v. Fishes. No feet, but fins instead. • 

* There are hardly any rules in Zoology without an exception. The 
Earthworm, though an Invertebrate, has red blood. 
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I think you would now be able to put almost any 
Vertebrate animal in its right class. It is not much to be 
able to do that. It is like knowing your A B C. The 
A B C is hardly of any use by itself, but we nj ust know so 
much in order to be able to know more. 

Mammals, — I have already described several different , 
kinds of Vertebrate animals to you. Let us go over them 
again and take the Mammals first. The Cat and Dog are 
hunting or Carnivorous Mammals. The Sheep, Cow, 
and Horse are grazing Hoofed Mammals. The Squirrel, 
Babbit, Rat, Mouse, Vole, and Rabbit are Gnawing 
Mammals. The Shrews are Insect-eating Mammals. Be- 
sides these, there are many other kinds such as Elephants, 
Whales, and Bats. Men are Mammals too, and belong 
to the same ord^r as the Monkeys. We might call it the 
Man and Monkey order. 

Why do we call the Bat a Mammal, for it flies like a 
Bird ? Because it is covered with hair instead of feathers, 
and the young ones are fed on the milk of the mother. I 
told you once before that this is a certain mark of all the 
Mammals. Besides, the wing of the Bat is really more 
like the paw of a Mammal than the wing of a Bird. It 
has a thumb and four long fingers, while the Bird's wing 
has only a thumb and two fingers, all very stunted and 
changed in shape. 

Why do we call the Whale a Mammal, for it swims in 
the sea like a Fish ? Because the young are fed on the 
milk of the mother. Whales do not breathe by gills like 
Fishes, but by lungs like Mammals. If they are .Mam- 
mals they ought to have hair on their bodies. I must 
admit that a full-grown Green land- whale has no hair, 
but it had bristles on its upper lip when it was younger, 
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and some other kind of Whales have a few hairs through* 
out life. 

Birds* — What sorts of Birds do you know of? The 
Duck and |he Goose and the Sea-gull have webbed feet 
for swimming. 

The Herons, and Storks, and Cranes have a long neck 
and a long bill and long bare legs. They are well fitted 
for wading and fishing. 

Hens and Pheasants and Grouse have short wings, and 
cannot fly very far. They have strong bills and strong 
toes, and many of them make their nests on the earth. 

Doves have weaker bills and toes than Hens, and can 
fly much better. 

Woodpeckers and Cuckoos and Parrots live much on 
trees, and have strong toes, softie of which can be turned 
forwards and others backwards, so as to grasp a bough 
firmly. 

The small Birds called Perchers include the Swallows, 
Crows, Warblers, Thrushes, Larks, and Finches* All our 
Song Birds belong to this division. 

Eagles and Hawks and Owls have a sharp beak turned 
down at the point, and long hooked claws. They are 
called Birds or Prey. 

Ostriches have toes fit for running. They cannot fly, 
and their quills are turned into flexible plumes. 

Do not try to remember all these kinds of Birds, but if 
you happen to see a Bird close at hand, look at its bill and 
toes, and try to make out by the book what sort of 
Bird it is. 

OokUbiooded Vertebrates.— Mammals and Birds are 
very active, and this is probably the reason why they have 
hot blood. They breathe fast and work hard* Their 
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bodies require much heat to keep them in good health, and 
this heat is obtained from the food which they take into 
their bodies. Mammals and Birds keep the heat in their 
bodies as much as possible. You. know how # we keep in 
the heat of our bodies. By wrapping clothes or blankets 
round us. Most Mammals have a natural covering of hair 
which keeps them warm. The Whale is not covered with 
hair, but it has a thick covering of fat or blubber beneath . 



Fig. 50. — Toktoise. 


its skiD, which answers the same purpose. The Bird is 
kept warm by its feathers. Reptiles and Amphibians and 
Fishes are not kept warm at all. Their blood is hardly 
warmer than the outer air, and they do not require a 
covering to keep the heat in, but only to protect their 
bodies from bites and scratches. 

Reptiles. — Can you mention any Reptiles ? Crocodiles, 
Tortoises, Snakes and Lizards. They are covered with 
scales. So are Fishes, but there is & difference between the 
scales of Reptiles and the scales of Fishes. If you scrape 
a Fish's skin, some loose scales will come out. But a 
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Reptile's scales are never loose. They are merely thicker 
parts of the outer skin. Fish-scales belong to the inner skin, 
and are covered by the thin outer skin. If you had a great 
coat which Bad patchy of leather sewn upon the outside, 
that would be a little like the skin of a Reptile. But to 
get anything like the skin of a Fish you must suppose that 
the great coat had many inside pockets, each one with a 



Fig. 51.— Rattlesnake. 


piece of leather in it. Reptile-scales are sometimes called 
false scales. You can see them very well in the cast skin 
of a Snake. Do you know that Snakes shed their old skin 
now and then ? 

Amphibians. — What Amphibians do you know ? The 
Frog, of course. The Frog is a leaping animal, and has no 
tail. Newts and Efts do not leap at all ; they have long 
tails. We have, therefore, two sorts of Amphibians, Frogs 
and Toads, which leap, and secondly, tailed ^Amphibians, 
which do not leap. There are a few Amphibians which 
have no legs, and look very Snake-like. They have also 
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very email scales in the skin. These, creatures were long 
reckoned among Reptiles, until it was discovered that they 
have gills when young. True Reptiles never have gills at aU. 
We have none of these Snake-like Amphibian# in Europe, 



Fig. 52.— Lizards. 


but they are 'common in Brazil and Ceylon. They live 
underground like great Earthworms, and come out at night. 

The Frog. — The Frog has four legs, but no tail. The 
hind leg is very long, and the hind toes are joined together 
by a web, which is useful in swimming. The Frog can 
not only leap a long way, but it can also swim very well. 
It is a weak, defenceless creature, and can only eseape the 
many enemies which are ready to devour it by escaping 
their notice, or suddenly leaping away from them. The 
Frog can change its colour, so as to look as like as possible 
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to the ground on which it lies. When a Frog is found on 
grass, it has a greenish colour like that of grass. In the 
bed of a clear gravel stream it turns yellow, and in the 
dark waters nf a weedy pond it turns almost black. The 



Fig. 53. — Snake-like Amphibian of Ceylon. 


Frog changes colour slowly, for it does not often move to 
a ground of different colour. Quick-moving Fishes, like 
Trout or Gold-fish, change colour much faster, as we shall 
see before long. 

Tadpoles. — When the Frog is qnite young it is called 
a Tadpole. The Tadpole is quite different from the full- 
grown Frog* If you look out in March, you will see 
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plenty of Tadpoles in the ditches, and also the eggs from 
which Tadpoles will afterwards be hatched. Tadpoles are 
wriggling black things with long tails. The eggs are 
black too, but each egg is covered with a# transparent 
covering nearly a quarter of an inch thick, which is made 
of the same substance as white of egg. The yolk looks 
black because it is coated on the outside with a layer of 
black stuff, like a sort of paint. If there were a shell 
outside the white, the egg would be like that of a very 
small Bird. The Frog’s eggs are sticky, and cling together 
in great lumps which we call Frog-spawn. You can often 
see the lumps of Frog-spawn floating on water in spring. 
Toad’s eggs do not form lumps, but long ropes. The 
Tadpole of the Toad is almost exactly like that of the 
Frog. 

A Frog feeding, — It is very amusing to watch a 
Frog feeding. It feeds partly on Flies and small Insects, 

but does not despise 
Slugs and Snails and 
Worms. In summer 
I fancy that it feeds 
chiefly upon Flies. If 
many small Flies are 
about, the Frog sits 
quite gravely, and does 
not seem to move a 
muscle. Every now 
and then, if you watch 
carefully, you will see 
a quivering movement of the head, and a Fly disappears 
down the Frog’s throat. What the Frog does in swallow- 
ing is really this* He opens his big mouth as far as it 
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will go, flings out his long tongue, picks up the Fly, 
draws back his tongue, and shuts his mouth again. All 
that is done as quickly as you can wink. The tongue of the 
Frog is well suited to this mode of feeding. It is long and 
flat, like a strap, and is fastened to the front of the lower 
jaw. It lies loose in the mouth, and is ready to be flung 
out at any moment. If you want to see Flies picked up 
by a Frog, look out for a Frog seated among stones in 
the bed of a stream in summer. But you will not see 
much except that the Flies drop off one by one. 

Fishes. — Most Fishes are covered with scales. The 
scales are held fast by a thin transparent skin, which you 
hardly see at first. If we scrape the skin with a knife 
some of the scales will be loosened, and then we shall see 
the pockets in which they lie. Notice that the scales 
overlap. Those in front 
overlap the scales next 
behind them. 

Behind the head of 
the Fish are the gills, 
protected by a stiff flap, 
called the gill - cover. 

Baise the edge of the 
gill-cover, and you will 
see the red gills. They 
are red because much 
blood flows into them. 

Each gill has the form of Fig. 55 .-~Gill 8 of Fihh. 

a fine comb. Pass the 

handle of a penholder into the mouth of the* Fish, and it 
will easily come out at the gills. A living Fish continu- 
ally takes in water at the mouth, allows it to flow over the 
F 
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gills, and then passes it out beneath the edge of the gill- 
cover. This stream of water bathes the delicate fringes of 
the gills, and purifies the blood which flows in them. 
Though the water continually streaming pa^ purifies the 
blood, the water and the blood do not mix, or even touch 
one another. There is always a thin skin between. 

Fishes which live in quick streams always like to keep 
their heads pointing up-stream. If you fish the stream. 



Fig. 56. — Fink of Fish. 


you must not walk down the bank in the same direction as 
the water flows. That would mean that the Fishes would all 
be looking towards you, and they would take fright before 
you could come near them. Why do the Fishes keep 
their noses up-stream ? To prevent the rushing water 
from entering the gills from behind. It would stop the 
current which naturally passes backwards from the mouth, 
and would be apt to catch the gill -cover and wrench it. 

Now look at the fins of the Fish. They are thin, and 
almost transparent, but stiffened by bony rays, which 
spread out like the spokes of a fan. When the Fish swims 
fast it uses the tail-fin, which is much more powerful 
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than the others. The paired fins are chiefly used for slight 
movements of the body. How many paired fins are there ? 
Four — that is, two pairs. 

Ohangeg of Colour in Fishes. — Here are two live Gold- 
fish in a bowl of white earthenware. I have chosen Fishes 
which are rather pale and mottled in colour, but you see 
that they are very nearly alike. I have on the table a 
second bowl which is painted black. Now I lift one of 
the Fishes out of the white bowl, and put it into the black 
one. In five minutes I return it to the white bowl, where 
the other Fish has remained all the time. You see that 
the two Fishes are now quite different in colour. The one 
which has been kept in the black bowl for a few minutes is 
decidedly darker than the other. The difference is becom- 
ing less marked, and in a few minutes more they will both 
be of one colour as they were at first. How is the change 
of colour brought about ? There are specks of black and 
yellow colour in the Fish's skin, and when the Fish is 
placed upon the white ground, the black specks grow 
smaller and smaller, and the yellow specks larger and 
larger. If the Fish is placed on a black ground, the 
specks alter in the opposite way. The black specks enlarge 
and the yellow specks grow smaller. I do not think that 
the Fish or Frog intends to change its colour, or knows 
anything about it. If the Fish or Frog is blind, so 
that it cannot see the colour of the ground, its colours do 
not change. 

Invertebrate Animals. — Invertebrate animals never 
have a back-bone, and hardly ever red blood. Some of 
them are altogether soft. Others have a hardshell on the 
outside of their bodies. They never have bones. 

Let us think of some very common Invertebrate 
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animals. The Snail, the Insect, the Worm, are all 
Invertebrates. There are many other kinds which you 

are not so likely to 
know. • 

The Snail has a 
hard shell, but all 
the inside of its body 
is soft. The Insect 
has a hard skin 
divided into many 
rings, but all the 
inside of its body 
is soft. The Worm 
is altogether soft. 
None of these ani- 
mals have any bones. 

Now let us think of some other Invertebrates re- 
sembling the Snatl, Insect, and Worm. Slugs are very 
like Snails, except that they have no shell. Crabs and 
Lobsters have a hard skin, divided into many rings like 
Insects, but they live in water, 
while the Insect generally lives 
on the land, or flies in the air. 

The Leech has a soft body 
like the Worm. 

These three kinds of In- 
vertebrate animals are pretty 
easy to distinguish. They are Fig. 58 .— Shell of Limpet. 
called by naturalists Molluscs, 

Arthropods, and Worms. Mollusc means sofUbodied ; 
Arthropod means jointed-leg. 

Molluscs.— The Molluscs are very many, and some of 




ANIMALS OF ALL SORTS. 


85 


them look very different at first sight from the Snail. 
Cuttle-fish, Oysters, Mussels, and Cockles are all Molluscs. 
Some have no shell at all ; some have a shell in one 
piece, shaped* like a ram’s horn, or a cap; some have a 
shell in two pieces, which are joined together by a hinge. 
Such shells as these last are called divalve . The body is 
never jointed. Most Molluscs live in the sea ; a few live 
in fresh water and a few on the land. 

Arthropods. — Arthropods have a hard skin, and the 
body is ringed to make it capable of bending. The legs 
have also a hard skin, and are jointed to make them capable 
of bending. There are land-Arthropods which breathe 
air, and there are water- Arthropods which breathe by gills. 

Worms. — Worms have soft bodies. Many of them 
have no legs. The body is ringed, but the rings are not 
nearly so stiff and firm as those of an Arthropod. 

Table of Invertebrates.-— Now let us make a table 
of some of the chief Invertebrate animals. 

INVERTEBRATES. — Animals without bach-bone. 
Molluscs. — B ody not jointed. Often a hard shell. 

Cuttle-fish. 

, Snails and Slugs. 

Bivalves. 

Arthropods. — Body and legs jointed. A hard skin. 

Air-Breather 8. 

Insects . — (3 pairs of legs ; body divided into 3 regions — 
head, thorax, and abdomen ; often winged). 
Spiders . — (4 pairs of legs ; body divided into 2 regions — 
the head and thorax being joined ; never winged). 
Centipedes . — (Many pairs of legs ; a separate head, but no 
other distinct regions ; never winged). 

Water -breather 8. 

Crustaceans . — (Number of legs and arrangement of regions 
various). 

Worms. — B ody ringed, without limbs, or with very simple limbs, 
which are not jointed. 
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There are many other kinds of Invertebrate animals 
which I have not mentioned at all as yet. Some of these 
are given in the table below. 

Table of the Animal Kingdom. 

VERTEBRATES. 

Mam max s. 

Birds. 

Reptiles. 

Amphibians. 

Fishes. 

INVERTEBRATES. 

Molluscs. 

Cuttle-fishes. 

Snails and Sings. 

Bivalves. 

Arthropods. 

Insects. 

Spiders. 

Centipedes . 

Crustaceans. 

Worms. 

Star-fishes. 

Anemones, Jelly-fishes, Corals. 

Sponges. 

Microscopic Animals, of very simple structure. 


LESSON VII. 

EGGS AND CHIOKENS. 

Wanted : — Several Fowl's Eggs, boiled and unboiled . 
Eggs which have been sat upon two or four dags . 
Saucers , Saline Solution, Scissors. 

Shape of Egg. — Here is an object which all of you 
know very well. It is nothing but a Fowl's egg. Of 
what shape is it ? Someone says, “ Nearly round/' That 
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does not give & very good notion of the shape. We use 
the word round in two senses. We call a penny round , 
and we also call a cricket ball round . These two quite 
different shades have to be distinguished. The penny is 
circular and the ball is spherical . Even now there is a 
possibility of confounding two different shapes under the 
name circular. A ring is circular as well as a penny. If 
there is any chance of mistake, we may use the word annular 
to signify ring - shaped. 

If we say that the Fowl's 
egg is nearly spherical, 
we shall have a rough 
idea of its shape. Let 
us measure the egg with 
a tape. I find that this 
egg is 2 f inches long and 
If inches wide. It is 6 
inches round, if we mea- 
sure along its greater 
length, or major axis, and 
5J inches round along its 
greatest width, or minor 
axis. Other eggs would 
not show exactly the same 
measurements as the one 
Now let us draw our egg on the blackboard. We must 
make it larger than nature so that you can all see it. First, 
I will measure out a line 18 inches long (c d) ; that will be 
exactly 8 times the major axis of our egg. Then I 
measure off 14 inches (o f), beginning at one end of the 
major axis. Fourteen inches is 8 times If inches, and 
that is to be the length of our minor axis. I divide this 


. c 



which I have happened to take. 
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length, of 14 inches into two equal parts, and mark the 
centre e. Now I take the compasses, fix one leg at e, and 
making e c the radius, describe a circle afbc. Through 
E I draw a straight line a b at right angles of, This 
will be the minor axis of our egg ; it is exactly the length 
of c f, that is 14 inches. Now we join a f and b f, and 
continue them forwards in the same direction as far as we 
please. Next I put one leg of the compasses on a, making 
a b the radius, and describe part of a new and rather 
larger circle outside the circle afbc. The same thing is 
repeated on the other side of the axis c D, making B the 
centre, and b a the radius. Last of all, I finish the small 
end of the egg by taking f as the centre, and f g as 
the radius. 

The figure which we have drawn is not an exact 
outline of a Fowl's egg, but it comes pretty near to 
it, and, as we saw, the two chief measurements are 
just in the right proportion. Our figure is made up 
of bits of four circles, a small circle for the small end, 
a rather larger circle for the broad end, and bits of 
t wo still larger circles for the sides. 

We have now a tolerable representation of the egg 
on the blackboard. This figure is called an oval or 
egg-shape. It is sometimes used by architects for the 
outline of an arch. 

Why of this shape ? — Can you give any reason why 
a Fowl's egg should be of this particular shape? It 
is plain that a cube or any other shape with angles 
would not do for the Hen to sit upon. Besides the 
inconvenience to the Hen, such shapes would not be 
strong enough, and they would not roll. The Hen, 
as we shall see, turns her eggs frequently, and some 
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kind of rounded shape is necessary. Would a sphere 
do? Only pretty well. A spherical egg would roll 
too far, and in a straight line. If the egg were lying 
on sloping «»ground, and got pushed, it might roll a 
long way. Watch this spherical ball as it rolls on 
the table, how straight and far it travels with a slight 
push. But when I give a push to the egg, it curves 
round, and never gets very far from its starting point. 
One advantage of the oval form is, that it will not 
roll in a straight line when it is pushed , and thus 
it never rolls far away. There is another advantage 
in the shape of the Hen’s egg. It is very strong, and 
will bear a good weight. If you hold an egg in your 
hand, and press as hard as you please at the two 
ends , you will not break it. 

Effff -Shell — The egg-shell is made of chalk. It is 
hard, but very brittle> that is, it can easily be broken. 
It is full of pores or fine holes, which allow air to 
pass through quite easily. Things which are full of 
jpores are said to be porous. You cannot see the pores 
of the egg-shell, because they are so small. What is 
the use of the pores? We shall see by-and-by that 
the chick breathes through them. If the egg-shell is 
varnished before hatching, the chick soon dies. If the 
shell is partly varnished the chick is generally deformed. 

Contents of Egg. — What is to be found inside a 
Fowl's egg? White and yolk. Which of these is outside 
the other ? The white. Is there anything else inside an 
egg? No doubt, when eating an egg for breakfast, you 
have now and then seen a tough skin n&at to the egg- 
shell, and outside the white. This is called the shelUmem - 
brane. At the broad end of the egg the shell-membrane 
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is double. There is an inner membrane and an outer 
membrane, and an air-chamber between the two. With 
a little care we shall be able to see this air-chamber 
for ourselves. I begin by tapping the broad # end of the 
egg with the back of my penknife, until the egg-shell is 
cracked all over the end. Then I cautiously remove the 
shell bit by bit with this pair of nippers or forceps. Now 
you see the shell-membrane quite plain. When I have got 
a good piece of shell off, I take a pair of small scissors and 
cut through the shell-membrane at one place, just in the 
centre of the broad end of the egg. Nothing comes out. 
I have merely cut into the air-chamber, and there is still 
an inner shell-membrane, which prevents the white and 
yolk from pouring out. 

Egg CUt in two. — I will now cut an egg in two so as 
to let you see what there is inside. Of course I must take 
a hard-boiled egg, or else all the contents will flow out. I 
remove the egg-shell, bit by bit, along a line running from 
the broad to the narrow end, and then turn the egg over, 
and do the same on the under side. When a strip of egg - 
shell has been removed all round, I take a dinner knife, 
and make a clean cut through the whole egg. Now we see 
the white surrounding the yolk. The yolk is near the 
centre. Of what shape is the yolk ? It is spherical , 
and appears circular when cut across. It is not quite in 
the centre, but rather nearer to one side than to the other. 
Outside the white comes the shell-membrane, and outside 
this is the shell. Here is the air-chamber at the broad end 
of the egg. I will draw what we have seen on the black- 
board. The drawing represents a longitudinal section of 
an egg, that is, a cut along the length of the egg. 

White of Egg. — Now observe that the white of the 
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egg is not perfectly mixed up together. Here is a second 
hard-boiled egg, from which part of the white has been 
scraped off. With the back of a knife I can strip off a 
layer of white, bit by bit, and leave everywhere a perfectly 
smooth natural surface. If the white were not so brittle 
when boiled, I could unwind it like a ribbon. As it is, it 
breaks off, bit by bit, when I try to unwind it. 

Yolk. — Towards the centre of the egg lies the yolk. It 
is a golden-red fluid enclosed in a delicate, transparent bag. 



Fig. 60 . — Longitudinal Section of Fowl’s Egg. 


How do we know that it is enclosed in a bag ? It is only 
necessary to break a raw egg into a saucer to answer the 
question. If the egg is broken carefully, the yolk flattens 
out, but remains together as a soft circular cake surrounded 
by the transparent white. But touch the yolk with the 
point of a knife, and the bag is burst. The yolk no longer 
keeps its regular shape, but spreads out in a blotchy mess. 

While the egg is uninjured, and unboiled, one particular 
side of the yolk always floats uppermost. The yolk is 
spherical, and on one side of the sphere there *5s a patch of 
pale yolk, which is lighter than the rest, and always comes 
uppermost, however you turn the egg about. 
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Tangled cords in the white. — Fresh eggs broken into 
a saucer show two twisted and tangled masses of white, a 
little firmer than the rest, fastened at opposite sides of the 
yolk-bag. These are made of the same substance as the 
white ; they are so transparent, and so like the rest of the 
white that it is not always easy to see them, but they are 
always there, and in many eggs they are quite plain. 

What is the use of the pale patch in the yolk, and what 
is the use of the tangled cords attached to the yolk-bag ? 
We may be quite sure that these things have some 
explanation, and a little patience will probably enable us 
to find out what it is. 

Where the Chick forms. — I must first tell you that 
the young chick begins to form on the surface of the yolk, 
just within the thin bag which we found. It always lies 
exactly over the patch of pale yolk. This is a great ad- 
vantage to the Chick. Its body lies on that side of the egg 
which is turned towards the warm body of the mother, and 
away from the cold ground. The Hen turns the eggs with 
her feet, once or twice a day, and when she does so, the 
Chick turns gently round, and gets back to its old place on 
the top of the yolk-bag. The yolk-bag, we might say, is 
buoyed up on one side, so that it always recovers its 
original position, no matter how often it turns. But it 
must do so very gently and steadily. If the yolk-bag 
spun round quickly, whenever the egg chanced to roll fast, 
the tender body of the little Chick might be injured by 
rubbing too hard against the white. The twisted cords 
prevent this. They are made fast to the yolk-bag, and 
they are entangled in the white, so that they check any 
quick spinning round of the yolk, and cause yolk and 
white to turn round together at a very gentle rate. 
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Why Hens turn their Eggs, — One question, you see, 
leads to another. We have next to ask why the Hen 
turns her eggs at all. The Hen, I need hardly say, knows 
nothing of #he reason, and could tell us nothing even if 
she could speak ; but there is a very good reason for what 
she does. Eggs have been hatched without turning, on 
purpose to find out whether turning makes any difference. 
The eggs used in the experiment were not set under a 
Hen, but in a drawer or box kept warm^by hot water. It 
was soon found that most of the Chicks died early when 
the eggs were not turned, and those which lived were 
strangely deformed. The limbs and the body of the 
growing Chick touch the shell-membrane, or the temporary 
breathing organ, which will be described by-and-by, or 
some other things inside the egg which are not part of 
the Chick. Whenever the Chick lies for a long time 
touching any such tilings without changing its position, it 
grows fast to them, and so becomes distorted and perhaps 
unable ever to leave the egg-shell without fatal injury. 
But when it is moved every few hours the chick keeps 
free of surrounding objects, and its body is formed 
naturally. 

Hatching without Hens. — I told you just now that 
eggs can be hatched without sitting Hens. In Egypt 
they are often hatched in ovens. A long low house is 
built, into which a man can just manage to walk or creep. 
Shelves are made on the inside of the walls, one above 
another, to hold the eggs. Wood fires are lighted on the 
floor, and kept constantly burning, and there are holes in 
the roof to let the smoke out. Great paint; are taken to 
keep up a gentle and steady heat. All the people from 
the country round bring eggs to be hatched, and there is a 
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very simple way of paying the man who keeps the oven. 
Every one who brings two eggs gets one Chick in return. 
This way of hatching eggs artificially has been practised 
for thousands of years, and it is quite successful. In 
Europe eggs which are to be artificially hatched are 
generally kept in a drawer, under a large cistern of water, 
which is warmed by a gas-burner or oil-lamp. Not only 
can eggs be hatched in this way, but the young Chickens 
can be kept warm and comfortable until they are quite big 
and strong. 

Hatching with Hens. — It takes just three weeks to 
hatch an egg. A suitable degree of warmth is necessary, 
as we have seen. Care must be taken not to dry the 
eggs. They do best when lying on the damp earth. If 
they are hatched in an oven or a drawer, water must be 
sprinkled about from time to time. Of course the eggs 
must be turned once or twice a day. There is another 

thing to be borne in mind. The Chicks will not thrive 

unless the eggs in which they lie are cooled twice a day 

or so. A sitting Hen leaves her eggs about twice a day, 

when she goes away to feed. During this time the eggs 
cool down a little. It seems that cooling in this way has 
become necessary to the Chicks, and they do not manage 
well without it* I cannot tell you why, but Chiefs which 
have not been cooled once or twice a day are seldom 
bom alive. 

Practical Instructions for examining a Chick fresh 
from the Egg. (For the Teacher's Use,) 

Eggs partly hatched may often be obtained from a farmyard 
where Hens are sitting, or from an artificial incubator. Those 
which have been sat upon about two days and four days respec- 
tively are best suited for examination in the first case. They mnst 
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be marked when they are put under the Hen, to prevent mistake 
as to their age. January to May are the best months for 
hatching; at other times many of the eggs are not fertile, and 
produce no Chicks. 

Examine 'he egg, if possible, while still warm. Have ready a 
saucer of saline solution (* 75 per cent, of common salt), warmed to 
the temperature of the hand, or a little beyond. Bore very care- 
fully a small hole in the broad end of the egg, and cut away the 
shell, so as to open out the air-chamber completely. Observe the 
inner shell-membrane, which is now concave. Examine the yolk 
through the semi-transparent membrane, and watch its position 
while the egg is slowly rotated about its principal axis, which must 
be kept horizontal. The yolk always floats uppermost, and does 
not rotate. Then puncture the side of the egg near the middle 
of its length. After the shell- membrane is pierced, so that the 
pressure of the air can act upon its contents, these subside, and 
the shell-membrane at the broad end of the egg suddenly becomes 
convex. By opening the shell in this way, the yolk-sac and embryo 
are made to descend a little from the top of the egg, and are mucli 
less liable to injury than if the shell were opened without pre- 
caution. Cut round the egg-shell with strong scissors in a vertical 
plane, the principal axis being still kept horizontal. The egg must 
be slowly rotated, so as to bring the part under the scissors always 
to the top. When the halve are ready to part, lower the egg 
into the saline solution, break it open, and float out the con- 
tents. 

After examination, the embryo may be cut out with a fine 
pair of scissors, floated into a small saucer, and preserved in weak 
alcohol, which should be replaced by strong alcohol next day. It 
will turn opaque^ and some parts will be seen better than at 
first. The Chick can then be kept any length of time in a small 
bottle* 

Chick after two Days’ hatching. — If we take a 
Fowl’s egg which has been sat upon Jabqjit forty-eight 
hours, we shall find the little Chick on the surface of 
the yolk, just within the transparent yolk-bag. It' lies at 
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first face downwards upon the yolk. The body is sur- 
rounded by a transparent covering, the amnion , which 
is filled with a watery fluid. Outside the body is a 
circular patch covered with fine red blood-vessels. These 
blood-vessels are engaged in carrying particles of yolk 
to the body of the Chick. As yet the Chick has no 
mouth, and it is fed entirely upon yolk brought to it 
by the blood-vessels. We can see the heart beating 



Fig. 61 . — Ego which has been bat upon about Forty-eight Hours. 

The ohiok it) seen on the top of the yolk-bag, which is partly overspread with 
blood-vessels. 

away as busily as possible. We can also see the eyes, 
which are large and dark-coloured. Along the middle 
of the body, where the backbone will afterwards be 
formed, there is a double row of whitish dots, which 
can hardly be seen without a magnifying glass. The 
head is large, and bent round almost into the shape 
of a horse-shoe. Without a microscope it is hard to 
see more than this. 

Ohick of the fifth Day. — On the fifth day of hatch- 
ing the Chick is found to have grown a good deal. It no 
longer lies face downwards, but on its side. Everything 
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is much bigger than it was on the third day. The 
wings and legs can now be seen as little clubs, standing 
oat from the sides of the body. Besides the yolk-bag, 
a large bag fijjed with clear fluid is seen to hang from the 
middle of the body. This is called the allantois . It is 
covered with blood-vessels, and serves for the Chick to 
breathe by. Prom this time onward the allantois grows 
very fast, and spreads all round the inside of the egg-shell. 



Fig. 62 . — Chick or the Fifth Day ( al \ Allantois) . 

covering the Chick in a kind of great hood. Air passes 
through the porous egg-shell, and is taken up by the 
blood-vessels of the allantois, and so carried to the Chick. 
The Chick never breathes air by its lungs until it is almost 
ready to escape from the egg. 

What becomes of the White and Yolk. — All this 
time the Chick has been feeding upon the yolk, which 
is brought to it continually by the blood-vessels. Strange 
to say, the yolk gets no smaller, but even larger for 
the first few days. But the white o£ the egg wastes 
fast, and after five or six days there is much less than 
there was at first. It looks as if the white goes to 
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supply the yolk, while the yolk goes to supply the Chick, 
Alter a time all the white is gone, and then the yolk 
begins to waste and soon disappears altogether. The 
space which was at first taken up by fc^e white and 
yolk is now filled by the Chick and its large breathing 
hood, the allantois. 

Chick after the fifth Day. — I will now tell you what 
happens after the fifth day. On the sixth day the Chick 
may sometimes be seen to move a little when the egg 
is opened. On the ninth or tenth day feathers begin 
to appear. On the fourteenth day it is nearly as long 

as the egg in which it 
lies. Soon after this 
it has to curl itself up, 
because there is hardly 
room enough for it in- 
side the egg-shell. It 
always lies with its 
head close to the broad 
end of the egg. About 
the twentieth day the 
Chick grows restless, 
and begins to tap the 

shell with its beak. 

It tears open the air- 
chamber at the broad 

now for the first time 
breathes air by the mouth. After this it pecks harder 
and harder, and at last it makes a hole in the shell; 

then it enlarges this hole, bit by bit, until it is able 

tp creep out, and see for itself what the world is like. 



Fig. 63. — Chick op the Seventh Day 
( a/, Allantoic ) . 
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The Chicks are generally very much tired by their 
struggles to escape, and some are so weak that* they 
never get out, but perish before they have managed 
to free themselves. A strong healthy Chick soon re- 
covers, and begins to run about, and pick up worms 
or grain. When it is cold or frightened, it runs to 
shelter itself under the feathers of the Hen. I dare say 
you have all seen a Hen walking about in the farmyard, 
with hei brood of chickens following her and taking 
refuge at the least alarm under her wings. 


LESSON VIII. 

TADPOLES. 

Wanted : — Frog spawn. Young Tadpoles. 

Frog-spawn. — Do you remember what I told you about 
Frog-spawn ? It is a mass of black eggs, each surrounded 
by a transparent jelly. In Frog-spawn the eggs form 
irregular lumps; in Toad-spawn they form ropes, many 
yards long. Why are the eggs coated with jelly ? 

Use of the Jelly. — Eggs are good to eat, and eggs 
floating on the top of the water * would be soon picked up by 
Birds or Fishes or Insects, if they were not protected. The 
jelly is an excellent protection. Try to pick up one of the 
eggs with this pair of forceps. You cannot do it, however 
long you try. The egg slips away as the forceps close 
upon it. If a Bird tried to pick up the egg jrith its bill, 

* Frog-spawn is often found floating. It is a little denser than water, and 
•link* to the bottom at first, but after a time it is usually buoyed up by 
bubbles of air, 
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or an Insect with its jaws, or a Fish with its month, it 
would he just the same. Docks with their broad bills am 
almost the only animals which can eat Frog-spawn, and 
they find it no easy matter. e 

The jelly serves another useful purpose. If a number 
of black eggs were dropped into the water close together, 
they would lie one upon another. The outer ones would 
keep off the fresh water from those within. If this were 

the case, the inner eggs would 
hatch later, or not at all. The 
jelly spaces the eggs, so that each 
gets its fair share of air from the 
water. 

What happens if the jelly is 
. removed from a number of Frogs' 
* eggs ? The experiment has been 
tried. Eggs have had the jelly 
Fig. 64.— Frog’s Eggs. cut an< l brushed away as carefully 

as possible, and they have been 
left to hatch. But they soon perished. Small plants called 
“ water-moulds," which abound in stagnant water, settled 
on the eggs, and lived upon them, and before long the 
eggs turned mouldy and perished. But the water-moulds 
cannot touch the jelly, which never turns mouldy or putrid. 

We see that the clear jelly protects the Frog-spawn 
from being eaten, from being overcrowded, and from being 
over-run with moulds. 

Why Frogs* Eggs are black. —The eggs themselves 
are black. They are only black on the outside, and even 
on the outside there is a small white spot. Where that 
spot appears the outer black dye is not present, and the white 
yolk shows. Why are the eggs black ? It is, I believe. 
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that they may absorb as much heat as possible. White 
bodies reflect much heat. Black bodies reflect hardly any. 

Now let us stop a moment, and consider what we mean 
by absorbing %nd reflecting heat and light. To absorb is to 
drink in , to reflect is to shoot off. Black objects absorb 
heat and light ; white objects reflect them. If you had a 
wall opposite the window of your room and very near, you 
would find that it made a great difference whether the wall 
were white or dark-coloured; If the wall were white, it 
would reflect much light into the room ; if it were dark it 
would absorb much light, and reflect little. A piece of 
white cloth reflects much light and heat, and does not get 
warm in the sun. A piece of black cloth absorbs much 
light and heat, and soon gets warm in the sun. When 
two pieces of cloth, one white and the other black, are laid 
upon snow in the sun, the black piece begins to sink after 
a time, but the white piece will hardly sink at all, however 
long the sun shines upon it. The white cloth reflects 
nearly all the heat and light which it receives. The black 
cloth absorbs nearly all the heat and light, and grows 
warm. If you understand what has been said you will be 
able to answer the question which follows. Why do people 
in hot countries wear white linen as much as possible, 
especially on their heads ? 

But we have forgotten our Frog-spawn. Why are the 
eggs blackened on the outside ? In order that they may 
absorb as much heat as possible. Heat hastens the 
hatching-out of the eggs. If you put a batch of Frogs' 
eggs into a cold dark cellar they will take many weeks 
to hatch, but in a warm bright room they will hatch 
quickly. It is important for the eggs to catch all the heat 
they can from the feeble sunshine of March and April. 
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Do the sun's rays produce any other effect besides that 
of warming the eggs ? The question may be answered by 
means of a very simple experiment. If we place two glass 
beakers containing Frog-spawn side by side, Jceeping them 
equally warm, but completely screening one of them by an 
extinguisher of brown paper, it will be found that both 
parcels of spawn will hatch out as nearly as possible 
together. This shows us that it is the heating power of 
the sun's rays which is of importance. 

Shape of Frogs’ Eggs. — Of what shape are the Frogs' 
eggs ? Round. Do you mean round like a penny ? No. 
I see you have forgotten what we have said about the 
different kinds of roundness. Is the Frog's egg round 
like a penny, or round like a ball ? Round like a ball. 
We call that shape spherical . 

Change in the Egg. — When the eggs have been 
hatching for two or three days you will see that they are 
no longer spherical. They become drawn out, and longer 
one way than the other. The head and tail and back are 
now forming. By-and-by the creature is found to have 
a round head and a flattish tail. In the middle of its 
body is a swelling. There the yolk lies enclosed in the 
body of the Tadpole. When the Tadpole has got so 
far, it wriggles out from the jelly in which it lay up to 
this time, and becomes free. 

Hatching of Tadpoles. — You will find it an amusing 
occupation to watch Tadpoles grow. Tie a tin cup to the 
end of a long stick, and fish up some Frog-spawn from a 
pond or ditch. March is generally the best time of the 
year. Bring the spawn home, and put it in a pie-dish, 
and pour water on it, and keep it in a window till the 
Tadpoles hatch out. If you want to keep them alive after 
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that you must feed them with the fine green threads 
which make a sort of scum on the top of stagnant 
water. 

Fresh-hatched Tadpoles.- When the Tadpole is first 
hatched it is a rather comical object. It is of a sooty 





Fig. 65. — Tadpoles in Various Stages op Development. 


black colour ; it has no legs, and its tail is rather short. 
The sides of the body seem stretched over the rounded 
mass of yolk. At this "time the Tadpole has no mouth.* 
Indeed, it has no use for a mouth, for it feeds entirely on 

* Strictly speaking, there is a mouth which is blind— that is, it does not 
lead into the stomach. 
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the yolk inside its body. On the under side of the head 
are a pair of suckers, by nteans of which it clings to 
water-weeds, or to the side of the vessel in which it is 
placed. • 

Tadpoles with Gills. — After a few days the mouth 
appears. It has a pair of horny jaws, with which the 
Tadpole crops the plants upon which it feeds. Branched 
gills, which have a feathery appearance, now spring from 
the sides of the neck. Between the gills are slits leading 
into the mouth, and a stream of water flows out through 
the mouth over the gills. After two or three weeks a 
fold of skin grows over the gills, and they are no longer 
visible. At the same time the gills shrink. New gills, 
which are not seen from the outside, form on the edges 
of the slits. The tail is by this time broad and strong. 

Legs appear. — Then the hind legs begin to appear as 
little projections at the root of the tail. They grow fast, 
and about two months after hatching the toes can be seen. 
The fore legs are at first hidden beneath the fold of skin 
which covers the gills, and they have to burst through 
this before they can show themselves. 

Tail shrinks. — As the legs get longer, the tail shrinks. 
It is not cast off, as some people believe, but gradually gets 
smaller and smaller, until only a stump is left. The Tad- 
pole now comes up to the top of the water from time to 
time to breathe. It has lungs, and is beginning to use 
them, but it still breathes by gills also. It does not care 
much for the small green threads on which it used to feed 
so greedily. It has now got the tastes of a Frog, and 
wants to feed on Flies and other small animals. It is 
almost impossible to keep your little Frog alive much 
longer, for you cannot feed it on the Flies which, it 
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requires. To give it a last chance, you may take it 
out of the water and set it down in a ditch. Perhaps 
it may manage to live; but I believe that ninety-nine 
Tadpoles out of a hundred die before the end of the first 
summer. Many are eaten up by the larvae of the Dragon 
Fly and other water Insects ; many are gobbled up by 
Birds as soon as they take to the land ; many starve ; 
and many are dried up before they can find a good place 
to live in. No doubt it is because the young Frog runs 
so many risks that the female lays so many eggs. 

Why Tadpoles change from Water to Land. — The 
Tadpole begins life as a creature very like a Fish, living 
entirely in the water, and breathing by gills. It ends as a 
Frog, living most of the year on dry land, and breathing 
air by lungs. Why should it change its mode of life in 
this singular way ? I have put a rather hard question. 

Why they cannot always live on Land. — Why 
should not the Frog live on land all the time ? Because 
at first it has no legs, and no skeleton. It is very small 
ahd weak, and could not move on land, or save itself from 
drying up altogether. But why should it be so small and 
weak? Because it has been provided with only a very 
small stock of yolk. All the parts of its body which are 
formed down to the time that its mouth opens, have to 
be formed out of one little sphere of yolk. Why should 
the yolk be so very small ? Why should it not be as 
big as the yolk of a Fowl's egg ? Because the female 
Frog is only small herself, and she has to produce many 
eggs. She would have to be as big as a Horse to produce 
hundreds of large eggs. Why must the Frog produce 
so many eggs ? Because the young run many risks, and 
a great many perish for one that survives. What a string 



m OBJECT LESSONS FROM . 1 NATURE. 

of questions ! You see that there are a great many things 
to think of in the life of a Frog, many things that we should 
never have thought of for ourselves, I could make you a 
set of u whys 33 like “ The House that Jack btalt,” out of 
the history of the Frog. 

Young Frogs run many risks. Thai is why 
There must be many Tadpoles. That is why 
The Frog must lay many eggs. That is why 
The eggs must be small. That is why 
The little Tadpoles must be small and weak. That 
is why 

They cannot live on dry land. That is why 
They must be born with gills, and live in water. 

Why they cannot always live in Water. —But why 
should not the Frog live in the water all the time ? Because 
it inhabits small fresh-water ditches and pools, which would 
soon get overstocked, and there would be hardly any 
chance of getting into other pools, unless they could 
manage to cross the land. Besides, ditches and little 
ponds are apt to dry up in summer, and what would 
become of the Frogs then, if they could not live in air? 
There are some countries which have plenty of great lakes 
and large rivers, in which creatures like big Tadpoles can 
find plenty of room, and need never be afraid of the 
water drying up. In some such countries there are 
Tadpoles as long as your arm, which never turn to Frogs. 
But Tadpoles which live in ditches must change to 
Frogs; and Frogs, which have many enemies, must be 
bom as Tadpoles. 
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DOMESTIC ANIMALS AND CULTIVATED PLANTS. 

<9 

Domestic Animals. — There are some animals which 
we call domestic, because they are kept and fed by Man, 
as if they were members of his household, or servants in his 
fields. 

Uses. — Some of these are only valued for food, like the 
Pig ; some yield clothing as well as meat, like the Sheep ; 
some are used for drawing loads, like the Horse, Ass, 
and Ox ; some, like the Cat, keep his house free of small 
thieves. 

Two Ways in which Animals become Domestic.— 

Some domestic animals are' merely tamed. They have 
grown quiet, but they have hardly any affection for their 
masters. The Ox and Sheep are animals of this sort. 

Others have attached themselves to man. They live 
in his house as companions, and go out with him wherever 
he goes. The Dog is the best example ; but some other 
animals have been known to do the same thing. 

Different Domestic Animals named.— What domes- 
ticated Mammals can we think of ? — Dog, Horse, Ass, 
Sheep, Ox, Goat, Cat, Rabbit, Camel. What domesticated 
Birds ? — Fowl, Goose, Duck, Pigeon, Canary. In old 
times Falcons were tamed, and trained to hunt. Gold Fish 
and Carp might be called domesticated Fishes ; but we 
can do little with a Fish, except feed it, and keep it for 
show. Do you know of any domesticated Insects ? You 
cannot think of any ? What ! have you foJgotten the Bee, 
which makes honey and wax for us ; and the Silkworm, 
which makes silk ? In some warm countries people take 
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great care of the Cochineal Insect* which yields a valuable 
dye. The House-fly lives in our houses* but we do not find 
it at all useful. 

There are many creatures like Rats* Mice* and the 
House-fly, which we have not tamed and do not care 

about, but which 
are nevertheless de- 
pendent upon Man. 
They can hardly 
manage to live ex- 
cept in our houses 
or barns, but they 
live with us rather 
as thieves than as 
helpers. 

Changed from 
their natural 
shape and colour. 

Most domestic ani- 
mals become altered 
by captivity. In 
the wild state ani- 
mals of the same 
species are almost 
exactly alike in 
form, size, and colour, but when they are tamed by Man 
they often become very varied. What a number of breeds 
of Rabbits and Pigeons we have ! But they are all 
descended from wild Rabbits or wild Pigeons, which are 
very much alike. When we make a pet of an animal* we 
try to keep the pretty sorts* and destroy the ugly ones, 
and thus it soon becomes varied. But where nobody takes 
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aniy pains to pick out his favourite shape or colour, the 
Original shape and colour hardly change. The Ass and 
the Goose hardly vary in their colours, because no one 
has taken pains to save those which are a little different 
from common. - 

Effect of Selection. — It is possible to strengthen any 
slight peculiarity in a domestic animal, by keeping those 
which show more of it than others, and destroying those 
that show less. Men value a clever Dog, and when they 
find one they take care of it. But if a Dog is dull 
and stupid it is soon got rid of. In a long course 
of years the intelligence of Dogs has been raised by 
continual selection of the clever ones. 

Nobody cares about the intelligence of a Goose, but 
only about its size and flavour. So our Geese do not 
grow clever, but they get heavier, and fatten sooner. 

History of the Dog. — I fancy that the Dog first 
came about men’s houses as a thief, to see what he 
could pick up. Whenever a man saw the Dog, he 
would throw a stone at him, and the Dog would run 
away howling. But the man would mind the Dog 
less after he got a little used to him, and would let 
him hide in corners, and pick up bones. All the Dogs 
of the village would make a troop, and live in the 
streets, as they still do in Eastern countries. When 
the man went out to hunt, the Dog would want to 
go too, and would yelp for joy. Perhaps the man thought 
that even a Dog’s company was better than none, and 
let him follow. In time the man would find that the 
Dog could be taught to fetch a woundeS Bird out of 
a river, or to start Hares which lay hid in the long 
grass. A clever Dog would be valued, and kept, and 
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same of its descendants would be a little cleverer than 
usual. At last, Man found out that the Dog can 
be made into a faithful and most useful companion. 
There are some savages who care more for* their Dogs 
than for their babies. 

Uses of the Dog. — Let me tell you of some of the 
uses to which Dogs have been put. 

They have been taught to hunt, to pick up game, to 
point at game— that is, to stop, and look steadily towards 
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the place where a Bird is hiding. They point by smell, and 
often point at the place which a Bird has left. 

The Eskimo teach their Dogs to draw sledges, and 
bring home the game which the hunters have killed. 

Degs have been taught to keep the house, and to bark 
at robbers. A man will lay his coat on the ground, and 
tell his Dog to watch it, and the Dog will allow no one to 
touch it, or even to come near. 

They have been taught’ to mind Sheep. A Sheep-dog 
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understands all his master's cries and signs, and will drive 
the Sheep this way or that, as he is bid. In some of the 
great Sheep-pastures of South America, one or more 
Dogs are lefy alone with large flocks of Sheep, and they 
never lose any of the Sheep, or let them wander far. 



Fig. 68 . — Colley or Sheep-i>og. 


They come home for food, and return immediately to 
the flock. 

Dogs are very fond of society. Many Dogs are glad to 
see their master's friends. They like to meet other Dogs, 
though they sometimes quarrel when they meet. 

Where our Domestic Animals come from.— Many 
of our domestic animals were tamed long ages ago in Asia, 
and have been carried by Man to other countries. We 
should have very few useful animals, if we had not shared 
with our neighbours. We should have had the Ox and 
the Dog, and probably the Horse, besides a great bristly 


112 


OBJECT LESSONS FBOM NATURE: 


long-legged Pig; but no Sheep, or Goat, or Ass, or Cat. 
We might have had tame Pigeons, and Geese, and Ducks, 
but we should have had no Fowls. 

The Babbit was brought from the south o^ Europe. 

The Sheep and Goat probably came from Asia, but so 
long ago that nothing is known for certain about their 
native country. 

The Cat which lives in our houses is not the same 
as the Wild Cat, which formerly used to roam in our 
woods, and which is still to be found in parts of Scotland. 
Our domestic Cat cable from the East, and was first 
brought to England about seven hundred years ago. 
The Greeks and Romans had no Cats, but kept Weasels 
or Martens in their houses to rid 
them of Rats and Mice. 

The Fowl was brought from 
India, the Canary from the Canary 
Islands, Gold Fish and Silkworms 
from China. 

Very few domestic animals have 
come from the New World ; we have, 
however, got the Turkey from, 
Mexico. Before America was visited 
by Europeans, it was very badly off 
for domestic animals. The Indians 
had Dogs, but no Horses, or Oxen, 
or Pigs, or Sheep, or Cats, or Rab- 
bits. The natives of Mexico are 
Fig. 69 .— Bice. believed to have kept tame Turkeys 

before the Spaniards landed. 

tfo&ftll Plants.— Man has not only found out many 
useful animals, but he has also found out many useful 
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plants. Some of these are not cultivated ; they are merely 
cut down or gathered 
when wanted. Others, 
like timber lyees, are 
planted, and then left 
to shift for themselves. 

But there are many 
which require a great 
deal of attention. They 
must have a place kept 
for them ; they must 
be sown, and manured, 
and weeded, if they are 
to be of any use. We 
call these cultivated 
plants . Let us think 
of a few. 

Grain. — First come the different kinds of Gratn, which 

are all the seeds of 
Grasses. I suppose 
that the most im- 
portant are Wheat, 
Barley, Oats, Rye, 
Rice, and Maize. 

Vegetables.— 
Then come the 
V EGETABLES, such as 
Potatoes, Cabbages, 
Turnips, Peas and 
Beans, Rhubarb, 
and Onions. 

Wig. 71 .— Tea-plant. 




Fig. 70.— SUGAR-CANE, WITH PART OF 
the Stem enlarged. 


114 


OBJECT LESSONS PROM NATURE. 


the Fruits we have Apples, Pears, Grapes, Plums, Cherries, 
Strawberries, Raspberries, Gooseberries, Granges, Pine- 
apples, Walnuts, Hazel-nuts, Peaches, Apricots, 

Fibres. — Some plants are cultivated for the useful 
Fibres which they yield, such as the Cotton Plant, Flax, 
Hemp, Jute. 

Other useful Plants. — There are still many useful 
plants to be mentioned. The Sugar-cane and Beetroot 
yield us sugar. Tea, Coffee, Spices, most Drugs, and many 
important Dyes, come from cultivated plants. 

Much improved by Man. — Nearly all these useful 
plants have been greatly improved by Man. Cultivation 

in rich, well- 
manured soil, and 
careful weeding, 
make plants 
stronger and 
larger. When- 
ever an improved 
sort springs up, 
it is eagerly se- 
lected for raising 
seed, and the 
worse kinds are 
sown no longer. 
You would hardly 
know the wild 

Fig. 72.— Coffee-plant. 

our valuable vege- 
tables and fruit, if you were to see them. Wild grain of all 
kinds is small and poor ; wild fruits of all kinds are poor, no 
better than the Blackberries and Crab-apples in our hedges. 
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Many useful Plants have become varied.— By cul- 
tivation and selection many useful varieties of the same 
wild plant have been got, and sometimes these are quite 
unlike one another, as well as very different from the wild 
stock. We shall best understand how far it is possible to 
go in the way of breaking up one natural species, or kind 
of plant, into distinct varieties by taking an example. 
Let us see what has been done with the Cabbage. 

History of the Cabbage. — The wild Cabbage is a 
rather uncommon plant which grows on the sea-coast. It 
is nearly two feet high. The leaves are large and ragged. 
The stem is tough and woody. The flowers are of a pale 
yellow colour, and contain small pods, which afterwards 
enlarge, ripen, and form the fruit. This plant is not very 
tempting, but it is wholesome ; and long ago the early 
races who inhabited the shores of Europe found out that it 
was worth cultivation. It was very likely tried for the 
first time when food was scarce, and was found to be 
harmless, and nourishing, and not unpleasant in taste. 
By-and-by, some man, a little more thoughtful than his 
fellows, would plant some Cabbages near his hut or cave. 
The next step would perhaps be to raise them from seed, 
and to manure the ground in which they were planted. 
When sowing the seed became common, improved sorts 
would be noticed, and preferred to the rest. One man 
would say to another, “ Give me a handful of your Cabbage- 
seed, for it produces better plants than mine.” Some people 
would value seed which produced leaves crowded together into 
close, fleshy balls. Others would prefer their Cabbage with as 
little stalk as possible, and would find out tb$ short-stalked 
plants to save seed from. We can now see for ourselves what 
is the result of many hundreds of years of careful selection. 
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Different torts of Cabbages.— The original wild 
Cabbage is believed to have been the parent o£ all the 
following sorts : — 

The common green Cabbage , with a ehor£ stalk, and a 
great round mass of leaves wrapped as closely together as 
possible. 

The red Cabbage , with purple-red leaves. 

The Cauliflower , with a crowd of small, imperfect flowers, 
few of which ripen any seeds. 

Brussels Sprouts , with long, branched stems, and very 
many small Cabbages springing from them here and there. 

Broccoli , with curly leaves. 

There are many other sorts which I need not trouble you 
with. Perhaps the Turnip comes from the same wild Sea- 
cabbage, or a plant very like it. 

What Cabbages have done for Man.— The Cabbage 
has perhaps done as much for man as man has done for the 
Cabbage. It provided him with plenty of wholesome food, 
nearly always to be had even when fish and flesh and 
grain happened to fail. It helped him to turn gardener 
and farmer, instead of spending all his time in hunting 
and fishing. 

It seems at first sight a pleasant thing to hunt and 
fish all day. Perhaps some of you think it would be a fine 
life to lead. But you have never tried it for yourselves. 

Life without Domestic Animals or Cultivated 
Plants. — In a country where there are no fields or enclosed 
spaces, and where many people, as well as a host of wild 
animals, live by hunting, game grows scarce. The hunter 
has to walk miles to get a chance of a Stag, and he has 
only poor weapons in his hand, for he has to make every- 
thing for himself. His arrow, or spear, is a poor thing in 
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comparison with a rifle. It often misses, and when it hits, 
it often fails tp kill. Our rude forefathers, like some 
savages of the present day, must have found it hard work 
to keep themselves alive at all. Even hunting is not very 
amusing when you have to hunt all day and every day, 
just to get enough flesh to eat. There is no time to build 
a comfortable house, or to smelt metals, or to dig coal. 
Perhaps in the long winter nights the hunter will make 
himself shoes, and a handsome cap, and a new bow and 
arrows, but no great works, for which many hands are 
required, can ever be attempted. So long as men get 
their living entirely by hunting and fishing, they cannot 
do much to improve their lot. But when they learn the 
use of domestic animals and cultivated plants, they are set 
free. There are the 
sheep penned up in 
the field ; we can 
have mutton to eat 
when it is wanted. 

There are the cab- 
bages growing in 
the garden ; we can 
boil a dish of vege- 
tables whenever we 
are hungry. Let 
v us go into the wood. 



and fell trees, and 
cut some beams to 


Fig. 73.— Cob of Maize. 


make a* better roof over our heads. Our women need not 
go down to the sea-shore to gather mussefe ; let them 
make us some new clothes. Mutton and Cabbages mean a 
great saving of time, and that means a better way of living, 
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and steady improvement in all the useful arts. Villages 
and towns, and regular government, and writing, are 
possible to men who have mutton and cabbages ; they are 
not possible to men who live by hunting and fishing. 

Useful Plants of the Old and New Worlds.— 
Nearly all our most useful plants come from the Old 
World, but we owe the Potato, Maize or Indian Corn, 
Cocoa, and the Pine-apple, to America. Much of our 
sugar is now grown in America, but the sugar-cane came 
originally from the East. It was brought to Europe by 
the Crusaders, and was taken over in ships, first to the 
Canary Islands, and afterwards to America. Perhaps the 
most precious gift which America has made to the Old 
World is quinine, a drug which cures many kinds of fever 
and ague. It is obtained from the bark of a small ever- 
green tree, which grows wild in South America, and is 
now cultivated in India. 


LESSON X. 

THE PRIMROSE.— HOW PLANTS SET THEIR SEED. 

Wanted: — Two Primrose Plants in flower , one long-styled , 
the other short-styled . A number of cut Primrose 

flowers . Large mod els , cut out of coloured paper , 

will be useful in explaining the parts of the flower, 
and the two forms found* in the Primrose . A pocket 
lens , two or three needles , mounted in sticks , and a 
sharp knife , should be at hand . 

Shape of Leaves. — Here is a Primrose Plant. Notice 
its large leaves, which look wrinkled, because of the strong 
veins whieh stand out from their under side. The leaves 
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widen out towards the tip* Why is that ? You often see 
leaves of this shape in plants which form rosettes. It is 
important that the leaves should not get in one another's 
way, or shad<* one another. For this reason the leaves of a 
rosette must be narrow at the base, but they may widen 
out; as they get away from the root or main stem, where 
there is more room for 
them. This figure will 
show you that if I 
draw a number of 
circles one outside 
another at equal dis- 
tances, each ring occu- 
pies more space than 
the one inside. The 
triangles in the figure 
are very nearly equal 
to each other. In the 

innermost circle there 

t . i Fig. 74. — Spaces occupied by successive 

18 only one triangle \ Kings, One enclosing another. 

in the next ring there 

are three ; in the next five ; in the next there would be seven, 
and so on. Calculation shows that the area of the rings goes 
on increasing exactly in the proportion of 1, 3, 5, 7, etc., so 
that the leaves may, if they like, widen out at the same rate. 

Veins of Leaves. — Notice next that the strong veins on 
the under side of the leaf are branched, and form a net- 
work. Why is this ? If you think a moment, you will 
see that there is very little room for them at the base of 
the leaf, and much more room farther a way* from the base. 
The veins have to bring fluids to the leaf, and take other 
fluids away, and it is necessary that they should be fairly 




120 


OBJECT LESSONS FROM NATURE. 


spaced at nearly equal distances,, otherwise some parts of 
the, leaf would be made up of nothing but veins, while 
other parts would be practically without veins at all. See 
what would happen if the veins took a straight course 
without branching. The veins would be much crowded 
towards the base. But if the veins are allowed to branch, 



Fig. 75.— Leaf-veins of Black Fig. 76. — Leaf-veinb of 

Poplar. Daffodil. 


as in Pig. 75, they can be spaced pretty equally. If the leaf 
were strap-shaped, and not narrowed at the base, the veins 
might run side by side without branching. 

Hyacinths, Daffodils, Lilies, and other plants with 
leaves of this shape, not narrowed at the base, have 
straight unbranched veins. (See Pig. 76.) 

MoW6r Stalks. — The flowers of the Primrose stand, up 
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in a bunch in the midst of the leaves, each on a separate 
stalk. In the Cowslip all these stalks spring from a strong 
stem in the centre. If you look at the Primrose carefully, 
you will see that its flowers are really arranged in the same 
way as in the Cowslip, but the central stem is so short that 
it cannot be seen without close attention. 

Outer parts of the Flower.— Each flower of the 
Primrose consists of an outer green cup, which is rather 
small, and of an inner yellow cup which is much larger. 
Botanists call the outer cup the calyx , and the inner cup 
the corolla . The calyx is folded and has five strong plaits, 
as you see. What do these mean ? They mean, I believe, 
that the calyx had to be folded up in the bud into the least 
possible space, and it was folded into five plaits, so as to look 
like a five-pointed star when cut across. (See Fig. 77.) This 
star shape has one special advantage. The Primrose flower 
contains sweet juice, and 
eatable grains of pollen and 
seeds, which Insects know 
of and try to reach. They 
would soon eat them up 
if they once got inside. 

Some of them try one 
way and some another. 

Flying Insects make their 
way in by the tube of the 
corolla, but this entrance 
is so long and narrow that 8 0F p RIMBOSK . 
most of them can only 

stand outside, and thrust their long tongues into the 
tube and suck up the juice. Those that have no long 
tongue try to get at the tempting dainties by biting holes 
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in the calyx. I fancy that they are much disappointed 
when they have bitten a hole into the calyx to find that 
they have only broken into an outer chamber filled with air, 
and that the corolla is still untouched and ifioonveniently 
far off for their short jaws. These gnawing Insects are 
sure to bite through the calyx, not along the hollows, which 
are hard to get at, but along one of the projecting ridges, 
and here the calyx is far from the corolla. The Primrose 
may be said to keep a sweet shop. Visitors are welcome 
if they come in by the door, and pay their penny. But 
they are not at all welcome if they try to break a hole in 
the window and put their hands in. They will find that 
there is an inner window, and that all the sweets are kept 
behind it. Who are the visitors who pay for sweets to the 
Primrose ? I will tell you by-and-by. 

The yellow corolla has a deep narrow tube, and spreads 
out above into a flattish lip which is divided into five lobes. 
Why is the corolla spread out wide at the top ? In order 
that it may be plainly seen. It is of no use to keep a 
sweet shop unless people know where it is. Why is the 
corolla narrow below ? To keep out thieves, and allow no 
one to come in except by one particular way. Is there 
some one standing there to take pennies? No, but the 
Insect which comes in by the right way will have to do 
something in return for the sweets which it gets. We 
shall see how this is managed. 

Inner parts of the Flower : the Stamens. — Now we 
must examine the inside of the corolla. I remove one 
carefully from a flower, slit it open with a fine pair of 
scissors, taking care to cut between two lobes, and fasten 
it to a gummed card as flat as possible. I will send the 
card round so that you can all see. Towards the top of the 



THE PRIMROSE . 


m 


tube of the corolla are some little knobs, one to every lobe. 
These are called anthers. The anthers are generally 
carried on long stalks, or filaments , and the anthers and 
filaments together make up 
a stamen . Here the fila- 
ments are so short that 
you can hardly see them. 

Two kinds of Prim- 
rose Flowers. — All Prim- 
rose flowers have not the 
stamens in the same place. 

The flower which we 
opened just now had the 
anthers at the top of the 
tube, but here is one which 
has the anthers half way 
down the tube. I will 
open it as before, and send 
it round. Look at your 
own flowers. You will 
find some of one kind and 
some of the other, but all 
the flowers on one plant 
are of the same kind. How many stamens has the 
Primrose? Five; just the number of the lobes of the 
corolla. If you look carefully you will find that every 
stamen comes exactly opposite to a lobe. This is not often 
the case with flowers, but it is so in all Primroses. 

The Pistil. — There is still something left in the 
flower. Standing up in the very centre b a long thread 
with' a knob at the top. It rises out of a round body 
at the very bottom of the corolla tube. This central 



Fig. 78 . — Flowers or (1) Long- 
Styled and (2) Short-styled 
Primrose, cut open. 
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part o£ the flower is the pistil ; it consists of three parts : 
the ovary at the bottom, the style, or long stalk in the 
middle, and the stigma, or knob at the top. I have 
mentioned a number of new words to you* and before 
we go any farther let us see if you remember them. 
Point out the calyx, corolla, stamens, and pistil; the 
anther, ovary, style, and stigma. 

Long-styled and Short-styled Primroses. — We have 
seen that there are two kinds of flowers in the Primrose. 
One kind has the stamens at the top of the corolla tube ; 
the other has the stamens half way down. The first kind 
has a short pistil only reaching half way up the tube ; 
the second kind has a long pistil reaching to the top of the 
tube. In the first kind you will see the anthers at the top 
of the tube; in the second kind you will see no anthers, 
but the round knob of the stigma. We may call these two 
kinds of flower short-styled and long-styled . 

Where the Seeds axe formed. — What is the use of 
the ovary ? If I tear open the ovary with a needle, and 
look at it through a pocket lens, I see a great number of 
small, white, unripe seeds in it. The ovary is the part of 
the flower which produces the seeds. What is the use of 
the style and stigma ? What is the use of the anthers ? 
These questions are not quite so easy to answer. 

Insects necessary to Primroses. —If a Primrose- 
plant ready to flower were put under a glass shade and kept 
there, it would ripen no seed. The seeds would grow to a 
certain point, and then they would wither and dry up. 
What has the glass done to prevent the seeds from ripen- 
ing? It has not spoilt the seeds by keeping out light 
or air, as you might be inclined to suppose, for you may 
let in as much air and light as you think necessary, and 
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still no seeds will ripen. But you must take care not 
to admit Insects, if you wish to prevent the seeds from 
ripening. 

What would the Insects do ? They would make the 
seeds fertile — that is, able to grow into plants. Instead 
of withering and drying up, the seeds would swell and 
grow, and in time would be ready to spring up in the 
ground and bring forth new Primroses. How do the 
Insects make seeds fertile ? 

Pollen and Pollen-tubes.— Inside each anther is a 
quantity of fine yellow dust. If you see this fine dust, or 
pollen, as it is called, through the microscope, you will find 
that it consists of regular oval grains. When grains of 
pollen are placed on a damp surface, they swell, and 
burst, and put forth long threads, or tubes. If they are 
placed on the stigma, they send these long tubes down the 
inside of the style, till at length they reach the little unde- 
veloped seeds in the ovary. Unless the seeds are touched 
by the ends of the pollen-tubes they never ripen; but 
when the pollen-tubes reach them, they become fertile. 
No one knows exactly what the pollen- tubes do to the 
seeds. Though the microscope allows us to see the pollen- 
tubes entering the seeds, it does not make plain to us all 
that goes on inside. We hardly know more about it than 
that the pollen-tubes carry something to the seeds which 
is necessary for their ripening. Even when we have ex- 
amined and studied the ways of Nature as carefully and 
patiently as possible, there is generally something left 
which we cannot get to understand with all our pains. 

What the Flowers do for the Insects.— What the 
Insects do is to carry grains of pollen from the anthers jfco 
the stigma, and leave them sticking there. Do they know 
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wbat they are doing? Do they mean to fertilise the 
seeds ? No, they neither know nor care anything 
about it. They dust themselves with the pollen, and 





Fig. 79. — POLLEN-GRAINS AND 
PoLLBN-TUBE (MAGNIFIED). 

(The pollen grains of the Primrose are 
oval.) 


afterwards brush it off against 
the stigma. This is the toll 
which the Insects have to 
pay. In return for the sweet 
juice which they find in the 
flower, they have to fertilise 
the seeds. The flower is so 
made that the Insects do 
their work whether they mean 
it or not. 

Primrose Pollen always 
brought from another Plant. 

— But there is one other 
thing which I must tell you 
of, in order that you may un- 
derstand how beautifully the 
Primrose-flower is contrived 
to answer its purpose. In 
many plants the pollen must 
always be carried from one 
flower to another, and to a 
flower growing on a different 


plant. The seeds are of no use unless they have been 
fertilised by pollen brought from another plant. I cannot 
tell you why this is sometimes necessary, but not always. 
There are some flowers which can be fertilised by their 


own pollen. There are others which will set no seed unless 
they are fertilised by pollen from another plant. The 


Primrose is one of these last. 
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How Insects carry Pollen from one Primrose to 
another. — Now we will see what happens when an Insect, 
such as a Bee, flies to a Primrose-flower. He sees the 
flower a long^way off, and flies towards it. Then he gets 
astride of the flower, and opens out his long tongue, which 
is folded up, when not in use, into three pieces, something 
like a pocket f pot-rule ; then he pushes his tongue into the 
tube of the corolla. His head is too big to go in, but the 
long slender tongue will reach to the bottom. He searches 
for the sweet juice of the flower, and in doing so dusts his 
head or his tongue with the pollen. It depends upon the 
kind of Primrose visited which of the two will be dusted. 
If it is a short-styled flower, he will dust his head ; for in 
a short-styled flower the anthers are at the top. If it 
is a long-styled flower, he will get the middle part of his 
tongue dusted, for you remember that in such flowers the 
anthers are half-way down the tube. We will suppose that 
he first visits a short-styled flower, and afterwards a long- 
styled one. The first Primrose dusts the Bee's head ; the 
next has the stigma at the top ready to catch the pollen 
from his head. This second Primrose dusts the Bee's 
tongue half-way down. When he comes again to a short- 
styled Primrose, the same part of his tongue brushes against 
the stigma, and so he goes on carrying pollen from one 
flower to another, from long-styled to short-styled, and 
from short-styled to long- styled ; but never from long- 
styled to long-styled, or from short-styled to short-styled. 
All the flowers on one Primrose plant are of the same kind. 
You see, therefore, that the Bee can never carry pollen 
from the anthers to the pistil of the same flower, nor to 
any flower like it. He can only carry it to a flower of the 
other kind, and this must have grown on a different plant. 
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You must go over this two or three times in order that you 
may understand it perfectly. 

Bees and some other Insects are busy all day long 
sucking the flowers. Some plants are wasteful with their 
pollen, but the Primrose is very careful ; and a great part 
of it is put to its proper purpose — that is, the fertilising of 
Primrose-seeds. But some pollen gets carried by mistake 
to wrong plants, such as Campions, or Pansies, and then it 
is wasted, for no pollen will fertilise the seeds of a quite 
different flower. The Bee eats some, and carries some 
away to the hive. 

What happens after the Flowers are fertilised.— 

When the flowers have been fertilised, the corolla and 
stamens fall off, and the stigma itself withers not long 
after. The ovary grows bigger, because all the seeds are 
ripening inside it. When the seeds are ripe, the ovary 
bursts open at the top, and the seeds are scattered. Those 
which fall into likely places spring up, and produce new 
Primrose-plants. 


LESSON XI. 

THE PANSY. 

Wanted : — Flowers and Seed-vessels of Pans y, 

A few peas . 

Outer parts of the Flower. — To-day we will examine 
a Pansy. It has a large, gay flower, which droops a little 
on its long stalk, and always turns its face to the sun. 
You can easily see the calyx at the back of the flower. It 
is made up of five leaves, which are called sepals . The 
corolla is brightly coloured, purple or yellow, or partly 
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purple, a^d par% yellow. It is made up of five leaves, 
called petals. 

■- Colours of Pansies. — Do you remember what we said 
about the col^ur« of Rabbits ? The wild animal is tolerably 
uniform in colour, but the tame ones are very various. 
One particular cole ;r is best suited to the wild animal, 
which has many enemies to avoid, but people who keep 
tame animals fancy different colours, and they can get 
nearly every colour which they think pretty. How ? By 
picking out and preserving those young ones which are 
most to their taste, and getting rid of the rest. In the 
same way, that is, by continual selection, men have been 
able to get Pansies and Dahlias and other flowers in a 
great variety of colours. The gardener takes seeds or 
cuttings from what he considers the pretty sorts, and 
throws away those which he considers ugly. One gardener 
likes yellow Pansies best, and weeds out all that are blue ; 
another prefers blue Pansies, and weeds out all the yellow 
ones. In course of time each gets whJ; he requires. 
Even wild Pansies are not exactly alike, but Pansies in 
gardens become much more varied. Blotched or parti- 
coloured Pansies can easily be got. If you put the pollen of 
a yellow Pansy upon the stigma of a purple one, the seeds 
which are borne by the purple Pansy will produce parti- 
coloured flowers, partly yellow and partly purple. Many 
curious tricks can be played with flowers in this way. 

The Petals— one spurred. — Pull a flower to pieces, 
and separate the five sepals and the five petals. Notice 
that one of the petals has a long hollow spur. What is 
this for? Depend upon it, the spur hsf some useful 
purpose, or it would not be so large, nor ^ould it be found 
in every Pansy, 
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The Stamens— two with long arms.— Let us next 
look for the stamens. They are not carried on the corolla 
this time, as they were in the Primrose. After all the 
petals, or corolla-leaves, have been palled off. the stamens 
remain behind, standing out close together in the middle 
of the flower. Notice that two of the anthers are 
furnished with very long and narrow arms. Before we 
pulled the flower to pieces these two arms were enclosed 
in the hollow spur of one of the petals. What are the 
long arms for? We shall learn shortly. 

The anthers of the Pansy do not burst outwards, as 
most anthers do, but inwards, and the loose pollen falls 
into a space which is enclosed by the anthers. The bottom 
of this space is closed by five orange-coloured flaps, which 
project from the ends of the anthers, and the stigma passes 
out between them. 

The Pistil. — Now take off the stamens one by one, as 
carefully as you can, with a needle or the point of a pen- 
knife. A greenish object of curious shape is found in the 
middle of the flower. This is the pistil. It 
has an ovary or seed-vessel at its base, a 
JP rather short style, and a knob at the end, 

Km which is the stigma. The stigma may 

Wmg always be seen in a fully-opened flower, 
jKT pushing through the ring of anthers, and 
t® standing out in front of them. 

Fi £- 80 -— Pl8TIL Honey in the Flowers.— Which petal 

OP J: AN8Y * 

n, Hollow crtigina. CafrieS the loD ? S P Ur ? lower OM, 

Carefully slit open the spur with a pair of 
scissors or a sharp knife. A very small drop of fluid is 
often found in the end of the spur, and this fluid is sweet 
and sugary. It is honey. We can only just distinguish 
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its sweet taste, for there is so little of it* but a 
small creature, like au Insect, would find it a great treat. 
Bees are fond of sucking up the juice from the spur 
with their long tongues. Where does the honey come from ? 
You cannot make out by common eyesight, but if you 
search with a microscope you will find honey-forming 
glands on the long arms, which reach into the spur ffom two 
of the anthers. As the honey is distilled from these 
glands it drops into the hollow end of the spur. 

How the Pollen is carried off by Bees. — Look care- 


fully at the part of the lower petal which comes just 
beneath the anthers. You will see a number of fine hairs, 
and if the flower has been open a day or two these hairs 
will be dusted over with pollen. You will find that a Bee 
trying to get at the honey in the spur will be certain to brush 
against these hairs, and carry some of the 
pollen away on its tongue. It is easy to 
guess where the pollen comes from. The 
anthers which produce the pollen are just 
above, and when they burst and shed 
their pollen it falls into the enclosed 
space round about the stigma. The 
stigma stands out in the throat of the 
flower, right in the path of any Insect 
which tries to suck the honey, and 
whenever the stigma is pushed on one 
side, pollen falls out of the enclosed space within the 
anthers and lodges on the hairs. 

How the Pollen is lodged on the Stigma.— It is 
necessary that this pollen should somehow be brought to 
the sticky surface of the stigma, and left there. It is also 
important, though we cannot tell why ? that the 



Fig. 81. — Pistil and 
Anthers of Pansy. 
h, Two long arms. 
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should be carried to another flower, and not be left on the 
stigma of the flower which produced it, I will try to 
explain how this is managed. The stigma, which looks at 
first sight like a solid knob, is really hollow, and the sticky 
surface intended to catch the pollen is inside it. There is 
a small hole on the under side of the stigma, which you 
can just see if you have sharp eyes, and this hole seems 
made on purpose to let the pollen in. Below the hole is a 
soft, sticky lip which hangs down. You will see the parts 
much better if you look at the stigma with a pocket 
magnifying glass. 

When you are quite sure that you understand how the 
stigma is made, I will try to tell you how it acts. If no 
Insects visit the flower no pollen will reach the inside of 
the hollow stigma, except by chance. But if a Bee comes 
and thrusts its long tongue into the spur in search of 

honey, everything will go as it 
should. First of all, the Bee 
will dust its tongue with the 
pollen, which lies on the hairs 
beneath the anthers. When it 
draws back its head the tongue 
will push against the hanging 
lip, but none of the pollen just 
taken up from the hairs will 
get inside the stigma, for the 
tongue has brushed against 
the back of -the lip, which 
looks away from the opening. 
Next the Bee flies away, carrying a number of pollen-grains 
on his hairy tongue. He visits another Pansy, longing for 
more honey, and caring nothing about the setting of the 



Fig. 82.— -Section or Pansy- 
floweb, 

sp, Spur j h, long arm of anther. 
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Pansy’s seeds, of which he never heard in his life.* He 
pushes his tongue along the well-known passage, and in 
doing so brushes the front side of the hanging lip. Some 
of the loose pollen is left behind on the lip ; on the front 
side, remember, this time. 

Thus from time to time pollen taken from other 
flowers is left on the front of the lip. Pollen removed 
from the same flower is left on the bach of the lip if it hits 
the stigma at all. The pollen-grains which lodge on the 
front of the lip, and those which get pushed into the 
hollow stigma, get wetted with the sticky fluid which 
oozes from the stigma. Then they swell, send out 
their tubes through the style, and fertilise the seeds. 
You see that all the pollen gathered from the same flower 
as that which carries the stigma is left outside the stigma. 
Every grain which enters the stigma comes from another 
flower. 

Questions. — I will ask you a few questions to make 
sure that, you have followed these explanations. Why 
are the flowers of the Pansy large and gaily coloured? 
To attract the attention of Bees. Why is honey formed 
and distilled into the spur ? To tempt Bees to thrust their 
tongues into the spur. What is the use of the hairs on the 
lower petal ? To catch the loose pollen-grains, and keep 
them ready just where they are certain to dust the Bee’s 
tongue. Why is the stigma hollow and furnished with a 
lip ? So that no pollen may enter it except that brought 
by Bees from another flower. Why must the pollen be 
brought from another flower ? I cannot tell, but so many 
flowers have ingenious contrivances to make sure that they 
shall be fertilised from another flower of thS same species, 
that this is plainly a very important point. Nature teaches 
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us this, we should hardly have guessed it for ourselves. 
Some flowers are always fertilised from others; we call 
these crow-fertilised . Others are sometimes fertilised by 
their own pollen, and are then said to be sniffer tilised. 
But there is, perhaps, no plant which is always self- 
fertilised. 

The Tongue of a Bee. — Why has a Bee a long hairy 
tongue ? To suck up sweet juices. The hairs serve to 
collect small drops of fluid sticking to some parts of the 
flower, but not big enough to be sucked up. The tongue is 
strap-shaped, and can either have its edges bent inwards so 
as to form a tube, or opened a 
little way for cleaning, if it should 
become clogged. Besides the long 
tongue, a Bee has feelers, blades, 
and a pair of strong nippers 
attached to the mouth. There are 
also eyes and a longer pair of 
feelers on the head. The long 
feelers, carried on the forehead, 
can be used for smelling as well 
as feeling, and thus the Bee is 
provided with all the instruments 
it requires to suck up sweet juices. 
There are eyes to see the flower, a 
smelling organ (we cannot call it 
Fig. 83. — Head of Wild a nose) on the long feelers ; nip- 
parts spread out. pers to bite anything hard, a pair 

of thinner plates which can be 
worked like a pair of scissors, only not as a rule to cut, 
but to separate and stretch the sides of an opening, a 
pair of small feelers, used like finger-tips, to handle 
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objects, and lastly, a long, delicate tongue, which can such 
up sweet juices from the innermost comers of flowers. 
Here is a picture of the Bee’s head, with all the parts 
drawn out as»far as they will go. They can be folded up 
into a very small space when not in use, very much in 
the same way that a foot-rule is folded up. Take a long 
strip of paper and mark it out into three equal parts. At 
the first mark bend the paper into a sharp fold, at the second 
mark, bend it in the opposite direction. That is how a 
Bee folds its tongue, before tucking it away under its chin. 

How the Pansy scatters its Seeds. — When the flower 
of the Pansy has been fertilised, the petals and stamens 
and style fall off, and the seeds begin to ripen. After a 
few weeks the ovary will have grown many times larger 
than it was at first, and it will then be quite easy to see its 
shape. It is almost egg-shaped, but pointed at the end 
which comes uppermost. Inside the ovary are three upright 
rows of hard, round seeds. When the seeds are hard and 
ripe, the ovary splits down the sides in three places, and 
thus becomes divided into three valves, which separate 
from each other, and bend outwards. Each valve has a row 
of seeds lying along it, and when the valves separate, the 
seeds dry in the air, and are soon ready to be sown. We 
should perhaps expect that they would simply drop to the 
earth, and afterwards spring up as young Pansies. But 
that simple plan would not work well. Perhaps a hundred 
young Pansies would be lying at the roots of the parent 
plant, overshadowed by its broad leaves, and crowded to- 
gether as close as they could stick. I am not sure that a 
single one would survive and manage to flower, but I am 
quite sure that nearly all would perish very*" soon. If a fair 
number of seedlings are to be reared, the seeds must be 
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scattered. The Pansy has found this out, and it has also 
found out a very successful way of shooting its seeds to a 
distance. Each of the valves which I told you of is shaped 
like a boat. It has two curved sides, a 4>oint at one 
end, and a hollow space between the two sides. The inside 
of the boat is filled with the round hard seeds. After the 
ovary has separated into three valves, the sides of each 
valve gradually straighten themselves, and as they are 
fastened together, at both ends, they must gradually get 
nearer together as they straighten. You can imitate this 
action very well with your own hands. First put both 
hands together as if you were making them into a cup to 
drink out of. Then gradually straighten your fingers until 
the palms of your hands meet. That is just the action of 
the valves of the ovary. I believe it is caused by the slow 
drying of the valves. It takes place very slowly, and lasts 
several hours. As the valves come together they press the 
seeds harder and harder, until first one seed and then 
another slips suddenly out, and is 
shot to a distance. When I was a 
schoolboy we used to play a trick 
with peas, which was managed in 
the same way. A pea was put on 
the desk, the edge of a book was 
brought down upon the top of the 
pea and pressed hard against it 
By rolling the pea a very little way 
it could be suddenly released, and 
our joy was great if it happened to hit a schoolfellow, 
or bang against a window-pane. The Pansy shoots its 
seeds a long way. I remember putting a ripe ovaty on 
the table to see it empty out all its seeds. As I sat writing, 



Fig. 84. — Fruit of Pansy, 
AFTER BURSTING, BUT 
BEFORE THE SEEDS ARE 
SCATTERED. 
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I now and then heard a very faint sound, like a crabk or 
tap. It was a seed hitting the inkstand or the wall. At 
the end of the day there were no seeds left. If you put a 
ripe ovary of the Pansy on a large table, and leave it for a 
few hours, you will not find a single seed either in the 
ovary or on the table.* All have been shot to a distance. 

The Pansy fires off its seeds in this way, one by one, 
ahd in all directions. No doubt many fall upon unsuitable 
places, and never spring up, but some find good places, and 
sprout, and turn into Pansy plants. 


LESSON XII. 

THE ORCHIS. 

Wanted : — Common Orchids ' in flower . One should be 
dug up by the root. 

Different wild Orchids. — We have several wild 
Orchids, which are not uncommon in early summer. The 
easiest to find are the Green-winged Orchis , the Early 
Purple Orchis , and the Hand Orchis. This last is 
generally called the Spotted Orchis, which is not a good 
name, because the Early Purple is spotted too. I will telj 
you by-and-by how it got the old name of Hand Orchis . 

You can tell the Green-winged Orchis by the green 
veins on the petals. The other two usually have dark, 
spots on the leaves. The Early Purple is larger and 
handsomer than the Hand Orchis. The flower is redder 
and less spotty. Any one of the three will do for our 
purpose. 

* The game experiment may be tried more rapidly by holding a nearly 
ripe ovary in front of the fire. 
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Snobs on the Roots.— I have brought you a plant 
dug up by the roots, so that you may see the knobs upon 
them. Notice the shape of these knobs. They are nearly 
round in the Green-winged and Early Purple Orchis, but 

branched in the 
Hand Orchis. The 
branches look a lit- 
tle like fingers 
spreading out from 
a palm, and this 
suggested the name 
of Hand Orchis. 

What is the use 
of the knobs on the 
roots ? There are 
two of them side 
by side. The stem 
with its leaves and 
flowers grows out of 
one. Next year's 
stem will grow out 
^ of the second. If 

Fig. 86 . — Boot of Early Purple Orchis. , . 

The old, empty knob is shaded. Y™ P reS8 between 

your finger and 

thumb the one which now bears stem and leaves, ypu will 
find that it feels thin and soft, the other is firm and thiek. 
I cut each across with a sharp knife : one is spongy and 
contains some air, the other is solid. The fact is that the 
knob intended for use next year is full of food ; the older 
knob, out of which a stem has already grown, has been 
emptied of its food. The food consists of starch , and some 
day I will tell you how you can satisfy yourself that it is 
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really starch, and that one knob contains much starch and 
the other hardly any, but we are not ready for this yet. 
Many plants store up food in their roots for future use. 
They can form plenty of food in summer and little or 
none in winter, for reasons which you will understand/ 
better when I have explained to you how plants feed. 
When winter comes on, the Orchis has a good store of food 
laid up, and it lives upon this when all its leaves are dead, 
and nothing appears above ground. It not only lives, 
but it gets ready a new spike of flowers, and is ready to 
push up in all its glory as soon as the sun shines bright 
next spring. Hyacinths and Crocuses and many other 
plants do the same thing, and hence they are able to 
flower whenever it suits them best, without waiting for 
summer heat to feed them up. I think you will now see 
why the Orchis has two knobs on its roots, one spent and 
the other fast filling with starch. 

Orchis Leaves. — The leaves of the Orchis are dark and 
glossy, and spotted in some species. They are different in 
shape from the leaves of the Primrose and Pansy. Orchis 
leaves are long and very often as broad at the base as 
anywhere else. In consequence of this the veins are 
not obliged to branch, but run side by side all the way. 
Stalked leaves, and all leaves which are narrow at the 
base, have branched veins. Sheathing leaves, which clasp 
the stems, or one another, and are as wide at the base as 
anywhere else, may have straight or parallel veins. 

Outer parts of the Flower. — The sepals and petals 
of an Orchid are arranged as in the picture. There are 
three sepals outside and three petals inside. Each petal 
comes between two sepals. The sepals are not green in 
these flowers, but generally of the same colour as the 



THE OROHIS. 


Ml 

petals. The lower petal is much larger than the rest 
The corolla has a long hollow spur which stands out at the 
back of the flower. What do you suppose is the use of the 
spur? If you»remember the Pansy , you will be ready to 
answer that it contains sweet juice as a bribe to Insects, 
and this is true, but the 
juice is not so easy to 
find as in the Pansy. 

One Stamen. — There 
is only one stamen in the 
Orchis, and this is very 
peculiar. An ordinary 
anther consists of two 
halves joined together, 
as you see in the anthers 
of a Lily. But in most 
Orchids the two halves 
are separated from each 
other. They lie at the 
back of the flower, and 
each is over-arched by 
one of the petals. What does an anther contain ? Pollen- 
grains ; and these pollen-grains s generally form a loose, 
dry dust. But in our Orchis they cling together and 
make what we might call a pollen-ball . The pollen-ball 
has a long stalk which is tipped at the end with a sticky 
fluid like gum. In an uninjured flower the ends of the 
two pollen-balls stick out just over the open end of the 
spur, and they are covered with a thin skin to prevent air 
getting to them. If they were uncovered the air would 
dry the sticky fluid in a moment, and then tHfe pollen-balls 
could not be removed without tearing. 



Fig. 87. — Flower ok Hand Orchis, 

SIDE-VIEW (MAGNIFIED). 

a, Sepals ; t, i, side petals ; l, lip ; sp, spur ; 
fr t ovary ; d, leaf, partly enclosing the 
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Pistil. — The pistil has a stigma and ovary, but no 
style. The stigma is in an odd place, at the top of the 
hollow spur, and beneath the projecting ends of the pollen- 
balls. You can tell it by the glistening appearance of its 
sticky surface. The ovary looks at first sight like the stalk 
of the flower. It is greenish in colour in most Orchids 



Fig. 88 . —Early Purple Orchid. 

A, Bide view of flower, part of which ia cut away ; 1, pollen-halls; 2, tips of pollen- 
balls ; 4, stigma ; 5, lip ; 6, spur ; 3, ovary. B, front view of flower. C, pollen- 
ball ; 2,i fcs sticky knob. 

and always twisted. If you cut the ovary across you will 
see three rows of small seeds. 

How the parts of the Plower are arranged.— It is 
necessary that you should have a perfectly clear notion of 
the arrangement of the parts of the flower, or else you will 
never understand how they act. Let us go over it again, 
and, to help you a little, we will suppose that everything is 
very big, as it would appear to a Bee. The Bee, as he flies 
towards the open flower, sees something like the mouth of 
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a long narrow cave (hollow spur). In front of the cave is 
a convenient landing-place (lower petal), and above this is 
a porch on which are seated two objects, which you can 
imagine to be/nen ; but which are really the pollen-balls. 
They are muffled up in chawls, but so that they can spring 
out in a moment. They sit side by side, but not touching. 
Their feet are turned towards you, and end in great sticky 
knobs, as big as foot-balls. Each man has only one foot, 
and this is covered up, to keep the air from it. Behind and 
below the men, at the back of the cave, is a place daubed 
over with a sticky substance (the stigma) which can easily 
be seen from the front. The ovary is behind, and cannot 
be seen at all by the Bee. 

How Bees carry o ft the Pollen-balls. — When the Bee 
approaches the cave he knows, what to do. He opens out 
his long tongue, and pushes it into the long spur as far as 
it will go. While he is busy exploring the depth of the 
spur, the projecting ends of the pollen-balls touch his head 
or the base of his tongue. The thin skin which covers the 
knobs splits at a touch, and the sticky knobs fasten them- 
selves to the Bee. Now that they are exposed to the air, 
they set, and grow hard, and in a few seconds they are so 
firmly attached that the Bee cannot pull them off. By 
this time the Bee has got all that he wants, and he flies 
away to another flower, carrying the pollen- balls on his head. 

How the Pollen gets to the Stigma. — A curious thing 
now happens. The stalks of the pollen-balls, as soon as 
they are well fixed upon the head of the Bee, begin to bend. 
They bend forward very steadily and slowly, until they 
point in a different direction from that which they took at 
first, downwards instead of upwards. In less than a 
minute the change is complete. 
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By this time the Bee will have left the spike from 
which he removed the pollen-balls, and will perhaps have 
found another Orchid, growing in a different place. He 
pushes his head in as before. The pollen- foils, owing to 
their changed directions, now miss the projecting knobs, 
and hit the stigma beneath. A few pollen-grains are en- 
tangled by the sticky surface, and these are left behind 
when the Bee takes away his head. The Bee works 
away all day, continually leaving pollen-grains on the 
stigmas, and now and then removing a pair of pollen-balls 
from a fresh flower. But he never carries a pollen-ball to 
the stigma of the flower which produced it. The only 
possible way of doing so would be for him to fly back to 
the same flower a minute or so after leaving it. This the 
Bee never does. He has sucked that flower once, and he 
.finds it more profitable to visit fresh ones. 

What brings the Bee to the Flower.— What does 
the Bee find in the hollow spur? Sweet juice, evidently. 
But if you look for this sweet juice, you will not find it 
very easily. The spur is quite empty, and the most careful 
examination will not bring to light a single drop of fluid. 
But it has been found that the Bee pricks small holes in 
the sides of the spur with the points of the cutting blades 
with which his tongue is furnished, and the sweet juice 
flows out through the holes. An Insect new to the busi- 
ness would find nothing in the spur, but the Bee knows 
what to expect, and how to go to work. 

Several kinds of Insects haunt the flowers of Orchids. 
The Early Purple Orchis is fertilised by Humble-bees, the 
Qreen-vtinged Orchis by Hive-bees and Humble-bees, and 
the Hand Orchis chiefly by Flies. Other Orchids are 
visited by Moths. Bees and Moths and Flies have often 
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been captured with pollen-balls sticking to their heads, or 
eyes, or tongues. When they find a convenient time, the 


Insects may sometimes be seen 
tearing off J:he pollen-balls 
with their jaws or fore legs. 

Experiment. — You can 
fertilise an Orchis very well 
for yourselves. Take a pencil 
or a stout pin, and push it 
into the spur of a flower, and 
move it about a little, as if 
you were searching for honey 



Fig. 89 .— Proboscis of Moth, 
with Seven Pairs of Pol- 
len-balls FABTENED TO IT. 


with it. Then remove it from 


the flower. If the flower has not already been visited 
by an Insect, you will probably bring out one or two 



pollen-balls fast to the pin. 
Hold it up, and look carefully 
to see the pollen-stalks bend 
forward. Then pass the pin into 
another flower. You will easily 


see how the pollen-grains fasten 



themselves to the stigma. 

Darwin’s Study of Flowers. 


Fig. 90 . — Pollen -balls of 

Orchis, removed by a flower of an Orchis act was first 

a. removed; completely explained by Charles 

after about a Darwin. He also showed how 

Primroses and many other plants 
are able to get pollen carried from flower to flower by Insects. 
Darwin found out by actual trial that in many cases a 
plant produces more seed and stronger seedlings, if fer- 
tilised by pollen from another flower than if fertilised 
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by its own. Those who have read Darwin's books can 
hardly look at an Orchid without remembering how long 
and patiently he studied these flowers, and how much 
he learned from them, which he was afterwards able to 
teach to others. 


LESSON XIII. 

THE DANDELION. 

Wanted : — A Dandelion Plant , dug up by the root . 
Heads , some in flowers , and some in seed . The 
Model described on page 151. 

Weeds. — I am going to talk to you to-day about one 
of our commonest weeds — the Dandelion. What do we 
mean by a weed ? I am not quite sure what plants are 
weeds, and what are not, but I think that we keep this 
name for such as are ragged and untidy, of no particular 
use, and of no particular beauty. They are generally very 
common, and grow fast, and are very apt to show their 
faces where nobody wants them. I do not think it would 
be true to say that the Dandelion is an ugly flower. I 
have seen it look almost handsome in long green grass, 
and under a bright sun, but it has never been much prized 
for its good looks that I know of. It has a bitter taste, 
which has led people to mix it in coffee and certain 
medicines, but on the whole I am inclined to think 
that the Dandelion is of more trouble than profit to 
mankind. 

It has a selfish and almost impertinent way of crowd- 
ing in among better folk. When you want to keep a bit 
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of turf quite even, or to raise a crop of hay, or to grow 
grass for your oows, in comes the Dandelion without leave, 
and plants itself in the best of the ground, and spreads 
out its raggejj leaves. Nothing can grow under them,' 
and when the intruder is at last torn out, a bare patch is 
left behind. Then there is something provoking in the 
number of flowers which a Dandelion produces, and in the 
number of plumy seeds which it scatters to the wind. 
One Dandelion will infect a whole garden or park. How- 
ever angry we may be to see Dandelions come up in our 
choice places, we cannot help admiring their perseverance, 
and the curious contrivances which enable them to spread 
so far and so fast. 

Boot and Leaves. — The Dandelion has a long root, 
something like a Carrot, but a great deal smaller. This 
root lodges the plant firmly in the ground, and gives 
it a safe place in which it can store up food. The 
leaves spread out in a greedy, selfish way, so as to take 
up as much space as possible, and choke all near neigh- 
bours. The shape of a Dandelion leaf is singular. It has 
a number of jagged teeth sticking out on each side, and 
these teeth get larger towards the tip of the leaf. The 
outline of half a leaf looks a little like the jaw of a Lion, 
with pointed fangs, and this fancied resemblance suggested 
the name Lion’s Tooth , which in French is Dent-de-Lion , 
or as we now call it, Dandelion. 

Why do the leaves widen towards the tip? Because 
they form a rosette. You remember that we have worked 
out that point once before. Why are they cut up into , a 
number of teeth ? In order that they may be packed up 
conveniently in the bud, without awk\fard folds or 
crushing. 
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Milky Juice. — If you break or tear a Dandelioa, 
whether the root or the leaves or the flower-stalk is in- 
jured, a milky juice flows out. There is a great deal of it, 



Fig. 91 . — Dandelion. 

1, Plant in flower ; 2, plumed fruits, attached to the stalk ; 3, 4, fruit, entire and 
cut open • 5, a single flowerr j 6, arms of the style ; 7, anthers, spread out. 


especially on the lower surface of the wound, and it flows 
very readily. In a few minutes it hardens, and forms a 
brown, sticky substance, which gradually becomes quite 
hard. Taste the milky juice ; it has a bitter, taste* Wh»t 
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is the use <?f it? I believe that it prevents animals from 
gnawing the Dandelion. They do not like its flavour, and 
small animals do not like to get their mouths choked up 
with the sticky gum which forms when the juice has 
begun to dry. 

Head Of Flowers. — From the midst of the rosette 
stands up what we commonly call the flower. In this 
case it is not a single flower, but a head pf two hundred or 
more flowers, all packed close together, and surrounded by 
a double row of narrow green leaves. These leaves enclose 
the bud, and keep off rain or frost. Even after the flowers 
have once opened, they close again on rainy days, and the 
outer green leaves prevent them from being beaten by 
storms. It is only when the flowers have fully ripened 
their seeds that the outer leaves point downwards and 
begin to fade. 

Parts of a single Flower. — Now let us pull off a 
single flower from the head, and look at it closely: I will 
fasten some of these small flowers on gummed cards, and 
send them round. You can easily make out the little 
white ovary at the very bottom. It contains only a single 
small seed. The ovary of the Dandelion is completely 
enclosed by the calyx, which rises up above it. On the 
rim of the calyx is a fringe of silvery hairs. The corolla 
can easily be told by’ its yellow colour. It is a narrow 
tube, split open along the greater part of one side, and 
opening out into a flat blade above. At the end of the 
blade you can perhaps see five teeth, if you have sharp 
eyes. These are the tips of the five petals of which the 
corolla is made up. The stamens are found jn the tube of 
the . corolla. There are five of them, with five separate 
stalks, or filaments, but the anthers are joined together, 
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and make an inner tube. The outermost tube of the flower 
is formed by the calyx, then comes a tube formed by the 
corolla, and inside this a third tube formed by the anthers* 
The long style passes through the anther-tube, in the very 
middle of the flower, and leads to the ovary below. In a 
young flower, not yet fully open, the tip of the style can 

just be seen peeping through 
the anther-tube. A little later 
you may find the style pushing 
a good way beyond the an- 
thers, and beginning to separate 
into two arms. When the 
style has grown to its full 
length its two arms are clear 
of the anther-tube, and now 
they curl outwards, and expose 
the stigmas. The inside faces 
of the two arms, which were 
at first pressed close together, 
form the stigmas, and these 
are sticky, as in other flowers, 
in order to catch pollen-grains. 
When the pollen-grains are caught, they burst, and send 
out long threads, which grow down through the style 
to the ovary. Only one thread is necessary, for there 
is only one seed, but we generally find many pollen- 
grains on the stigmas. I suppose that the first grain 
which reaches the seed fertilises it, and the others are too 
late to be of any use. 

How Dandelions are fertilised.— Dandelions are 
much visited by Insects, for they are bright- coloured 
flowers with honey in their corolla-tubes. Flying Insects 
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bring pollen from distant flowers, and this is best for the 
Dandelion. If no flying Insects come, the plant manages 
to fertilise its own seeds. This is not so good as being 
cross-fertilised, but I suppose it is better for the Dandelion 
than not being fertilised at all. Some flowers, however, 
not Dandelion flowers, would rather not be fertilised than 
be fertilised by their own pollen. The arms of the style 
curve completely round in flowers which have been opened 
some days, and the stigmas brush against the anthers, 
which have by this time burst, and -are dusted all over 
with loose pollen-grains. I have made a little model 
which will show you how the style and anther-tube act. 
Here is a small ring about a quarter of an inch across. 
I have passed through it two curly slips of cane. Now I 
draw the ring up to the ends, of the canes, which close up 
like the arms of the Dandelion style when the flower is 
very young. Next I draw the ring down a little, and the 
canes begin to separate, as they do in the Dandelion when 
the style begins to lengthen. Lastly, I slip the ring down 
so far that the inside surfaces of the canes curve com- 
pletely round, and touch the outside of the ring, in the 
same way that the stigmas of the Dandelion brush against 
the outside of the anther-tube when the flower has been 
long open. 

Notice that the outer flowers of a Dandelion head open 
first, and then the inner ones, in regular order to the 
centre. All the flowers do not open at once ; if they did, 
the Insects would be puzzled among such a multitude, 
and very likely some flowers would not get fertilised 
at all. 

What happens after Fertilisation.— After the 
have received their pollen the corolla withers, 
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the enter green leaves close, the Dandelion bows its head, 
and lies close to the earth. It rests in this position for a 
few days while the seeds ripen. Then it stands up erect 
once more, the green leaves part, and the Servers, or what 
is left of them, spread for the last time. How much they 
have changed ! The yellow corolla has fallen off, and 
carried the stamens and styles with it. The calyx with 
its brush of silvery hairs is still there, but instead of 
standing just on the top of the ovary, it is now mounted 
on a long stalk nearly an inch long, which has been 
growing all the time that the flowers have been lying shut 
up. The ovary is no longer white and soft, but brown 
and firm. The seed inside is now ripe, and ready to be 
sown. See how lightly it holds on to the top of the 
flower-stalk. It hangs only by the finest thread, and a 
puff of air is enough to free it from its base. 

Plumed Seeds. — It is easy to see why the calyx is 
provided with the plume of down, which is now expanded 
so wide. The wind catches the plume, breaks the seed 
away from the flower-stalk, and sends it far over the fields. 
Can any of you tell me why the stalk of the plume, which 
is really the tube of the calyx, goes on growing longer 
and longer as the seed ripens ? It is to make room for all 
the plumes which want to expand at the same time. Close 
to the seeds there is very little room, but an inch away 
there is room for a hundred plumes to spread at once. 

Why Dandelions are so common.— When we con- 
sider that the Dandelion is so hardy that it keeps green all 
the year, and flowers from spring to autumn, that it is pror 
tected by its bitter juice from gnawing animals, that each 
head of flowers produces many seeds, and that these seeds 
are spread far and wide by the wind, it is not surprising 
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that it should he so very common, and should stand its 
ground in the most crowded situations. The Dandelion 
can turn out most other plants, but there are hardly any 
which can tuip out the Dandelion. 


LESSON XIV. 

HOW PLANTS SCATTER THEIR SEEDS. 

Wanted '.—Pods of Broom {dry)) model described on page 
154; Pine cone containing seeds . A case may be fi tted 
up with (1) Winged seeds , (2) Hooked Fruits and 
Seeds (e.g. Cleavers , Agrimony , Burdock ) , (3) Plumed 
Seeds , (4) Imitative Seeds {e.g. Castor Oil Seeds) and 
(5) Mechanically ejected Seeds {e.g. Pansy , Broom , 
Geranium) . 

Why Plants scatter their Seeds. — We saw the other 
day how a Pansy scatters its seeds, and I told you why it 
does so. If several hundred seeds were to fall down close to 
the parent plant, very few, perhaps not one, would come to 
full size. They would be overshadowed from the first, and 
dreadfully crowded together. Many other plants are in 
the same difficulty, and they have various ways of getting 
out of it. 

Pod of the Broom. — Some plants which produce pods 
manage to shoot their seeds to a distance by a very simple 
contrivance. If we examine a pod of the Broom, we shall 
find that it is made up of two halves or valves, just as in a 
Pea or Bean. The seeds are fastened along £he upper side 
of the valves, and generally stick to one valve or the other 
When the pod bursts. This happens only when the seeds 
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are quite ripe ; then the pod dries and cracks, and finally 
opens into two valves. The seeds are rather heavy, and 
would fall to the ground at once if some special contrivance 
were not arranged on purpose to scatter thqjn. This con- 
trivance is found in some strong fibres contained in each 
valve, and passing across it not by the shortest way from 
one edge to the other, but in a slanting direction. When 
the fibres dry, they shorten and pull the valve into a spiral 
or corkscrew shape, twisting out the seeds, and throwing 
them one by one to a distance. Here is a bit of stiff paper 
to which I have fastened some elastic bands just in the 
same position as the fibres in the valve of the Broom.* At 
present the elastic bands are kept stretched by a heavy 
plate of glass laid upon the model. When I lift the glass 
the bands shorten and pull the edges of the paper nearer 
together, and you see that it makes a spiral or corkscrew. 
In the Broom the pull of the fibres is so great that the 
seeds are nipped hard, and suddenly escape with a force 
which flings them far away. On a summer day when the 
sun is shining brightly the pods of the Broom go pop ! 
pop ! one after another, and fire off their seeds. 

Pine Seeds. — The Pine has a quite different way of 
scattering its seeds. Here is a Pine-cone, which I will 
break open. A number of seeds come out, each of which 
has a long flat plate or wing fastened to it. Now I hold 
one of the seeds up in the air as high as I can, and let 
it drop. Or, better still, I put it on the end of this long 

* To make such a model as that referred to in the text, cut a piece of 
Stiff paper or thin card, say 15 in. long and 3 in. wide. Mark equal 
divisions, say inches, along each long side, beginning from the same" end. 
Sew pieces of elastic, 2 inches long, from mark No. 1 on one side to mark 
No. 2 on the other, and so oa. 
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stick, and raise it up ag high as possible, and then shake 
it off. The seed comes fluttering to the ground, turning 

round and round all the time. 
Do you see how slowly it 
falls ? To make this quite 
clear I will now hold up two 
Pine-seeds. One is winged as 
before, but the other has had 
the wing cut off. I release 
both at the same instant, but 
they will not reach the ground 
together. One falls straight 
and fast, but the winged seed 
loses so much time by fluttering 
and turning round that it 
reaches the floor long after 
the other. The 
wing on the seed 
helps to waft it 

Fig. 93.— Cone of Pine. to a distance. 

Pine - seeds are 
usually shaken out of the cone when a high 
wind is blowing. If the air is still they 
lie quietly between the scales of the cone 
and do not fall to the ground at all. When 
a seed is falling in this slow fashion there 
is plenty of time for the wind to catch it 
and blow it far away. The wind can easily Fig. 94. 
bear along a light seed with a broad wing 
fastened to it. % 

Many other plants have winged' seeds like the Pine. 
The Ash, the Sycamore, the .Elm, and the Birch, are 
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common examples. Notice that all these are trees. 
Winged seeds would be of no use to a low plant, 
for they would fall to the ground before the wind had 
time to carry them any distance. I think # that "one of 



Fig. 96 . — Winged Fruits of Sycamore. 


you can mention a single low plant with winged seeds, 
though many have plumed seeds. 

Hooked Seeds. — Some plants, which are quite low 
and near the ground, have a different way of scattering 
their seeds. When we go into a wood in summer to 
gather flowers we sometimes find ever so many seeds and 
small fruits clinging to our clothes. .Once I had the 
curiosity to count all that I could find. I counted more 
than two hundred, and I dare say that there were many 
more which I did not see. All these had hooks upon 



MOW PLANTS SCATTER THEIR SEEDS . U7 

them, little hooks which you can hardly see distinctly, but 
which catch tight hold of anything rough, especially of 
stockings or woollen clothes. When you shake or brush 
your clothes after a ramble, you scatter seeds of many 
small plants, such as Cleavers, and Forget-me-not, and 
Agrimony. It is not wandering naturalists, or boys and 
girls, that these plants are looking out for, but sheep and 



Fig. 9(3. — A, Catkin of Willow. B, Spike of Pistil- hearing Flowers, 

FROM A DIFFERENT TltEE. 


cattle. Such animals bring away multitudes of seeds in 
their wool or hair, and sooner or later many of these seeds 
find their way to some spot of waste ground far from the 
place where they were picked up. Hooked seeds and fruits 
are never found on high trees. They would be as useless 
there as winged seeds on low plants. Hooked seeds are 
found on low herbs, and winged seeds on high trees, each 
in the place that is fittest for it. 

Willow Seeds. — The seeds of. the Willow are very 
interesting. In early summer you will find* little pods on 
the Willow, which burst into two halves, and allow the 
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seeds to escape. But I must tell you that you will not 
find these pods on all Willow trees. Some Willows bear 
bunches of stamens called catkins, or palms , in early spring; 
these never bear pods, which are carried on different trees. 
If you find a pod-bearing Willow- tree in May or June you 
will easily find the seeds. They are covered with fine silky 




Fig. 97. — F, Pistil-hearing Flower of Willow. G> Pod burst open 
(*//, wood-hairs ; /r, ovary). H, Hairy Seed. 

(AU are magnified.) 



hairs, which stand out in all directions. So long as they 
are packed in the pod they lie quite close, but when the 
pod bursts open, air gets in, the hairs dry, and then they 
try to spread out. If you take a little pinch of the seeds, 
and lay them on a sheet of paper, you can watch the hairs 
opening and pushing the seeds apart, and in a few minutes 
the little packet of seeds has swelled out into a large fluffy 
mass as light as down, and ready to be blown far away by 
the first puff of wind. A Bulrush in autumn will show 
the same thing, if you take a pinch of the seeds from the 
dark brown spike at the top of the reed. Willow-herb is 
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another example. The pod of the Willow-herb bursts into 
four values, and a mass of cottony seeds appears between 
them, which swells into a large and very light downy cloud 
as the hairs dry. 

Plumed Seeds.— Dandelions, and other plants like 
Dandelions, have beautiful plumes on the seed. Thistle- 
seeds cling together by their plumes, and form a downy 
mass like that of the Willow or Bulrush. All these plants 
have their seeds blown far and wide by the wind. 

Seeds which imitate Animals. — Some seeds and fruits 
look very like small animals, such as Spiders, Caterpillars, 
or Beetles. They are probably mistaken for objects of this 
sort by Insect-eating Birds, and carried off. When the 
Bird finds out its mistake, it drops the seed, but by this 
time the seed has been carried away from the parent plant, 
and that is all that is necessary . 

Eatable Pruits. — You know that many seeds are en- 
closed in eatable fruits. Such fruits are much eaten by 
Birds, especially by Thrushes and Finches. The fruit is 
generally carried off, and after the eatable part is swallowed, 
the hard seeds are dropped. Some soft fruits, like Plums 
and Cherries, have hard shells to protect the seed, lest it 
should be swallowed and dissolved in the Bird's stomach. 

Other contrivances for scattering Seeds. — But there 
is no end to the contrivances by which seeds and fruits are 
scattered. There are sticky seeds, which are carried off by 
Birds in their feathers, and lodged after a long time in 
places where they can spring up and flourish ; there are 
floating seeds like the Cocoa-nut, which can be tossed for 
weeks on the waves of the sea without being^injured ; there 
are plants which bury their seeds in the earth, and plants 
which bury their seeds in the crevices of a wall, and 




Fig. 98. — Rose of Jeeicho. 

In the upper figure the plant is shown curled up j in the lower figure it is 
expanded. 


they are hairy or ill-tasted. There are seeds which are 
squirted out by the ripe fruit. There are plants, like 
the Bose of Jericho, which curl themselves up, leaves and 
root and all, during long droughts, and let themselves be 
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blown about by the wind, but revive, and take root and 
flower, and set their seeds, as soon as they reach water or 
are wetted by rain. The more you know of plants the 
♦more you wiy wonder at the beauty and variety of the 



Fig. 99 . — One of the Cokalh which fohm Keefh i 


contrivances by which they are saved from dangers, and 
helped to do their work. 

How Plants are carried to Coral Islands.— You 

have heard of the coral islands of the Pacific and Indian 
Oceans. These are formed of white coral built up by little 
polyps, which live in the sea. The coral never forms above 
the surface of the sea, because the coral polyps perish when 
they are exposed to the air. Some of the coral islands 
now stand high up out of the sea, and contain mountains 
several hundred feet high. They must have been formed 
beneath the waves, and afterwards raised until they be- 
came dry land. Upon some of these coral isfands, hundreds 
of miles from the nearest continent, many plants are found, 
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and these show how far seeds jma y be carried. Some of 
the plants have sprung from plumed seeds borne by the 
wind ; some have sprung from seeds and fruits which have 
been carried by currents in the ocean. The Oocoa-nut will 
live a long time in salt water, and Cocoa-nut Palms are 
commonly found on coral islands. Other seeds are carried 
in the crops of grain-eating Birds. Others are sticky or 
prickly, and have been known to cling to the plumage of 
Herons and other water-Birds. A Heron, blown far out 
to sea by a gale of wind, might carry such seeds to a coral 
island, and we know of one case where this has probably 
happened. Birds sometimes get a little earth on their feet 
from walking about in muddy places, and this earth 
generally contains small seeds. Insects and other flying 
animals now and then carry small seeds. In one way 
or another the coral island is soon stocked with plants, 
though the number of kinds will be small. 

How Plants spread to new-made Ground. — When 
a field is ploughed up, or a new railway embankment 
made, we see that it is soon covered with plants. The soil 
contained many seeds to begin with, if it was surface-soil. 
During the first summer great numbers of plumed seeds are 
wafted by the wind, and other kinds of seeds are dropped 
by Birds. The annual weeds, which last only for one 
season, spring up in great numbers, and sow their seeds all 
around. Bub the slow perennial plants, which last several 
seasons, come in at last, and these generally drive out the 
others. Perennial grasses which form turf, and small 
shrubs and plants with large roots going deep into the 
earth, and storing up food for the next year, slowly estab- 
lish themselves, and occupy all the more fertile spots. 
Before long there are no bare places left, and all the 
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ground is as thickly covered with plants as if it had never 
been disturbed. 

Many Seedlings perish early. — There is a great 
destruction oj: seedlings (very young plants) always 
going on, and that is why so many are produced. Mr. 
Darwin cleared a bit of ground, three feet long and two 
broad, and marked all the seedlings which came up. 357 
were counted, but out of these 295 were destroyed, mostly 
by Slugs and Insects. Another time he took three table- 
spoonfuls of mud from the edge of a little pond, and kept 
the nrud covered up in his study for six months, pulling 
up and counting each plant which came up. The plants 
were of many kinds, and there were 537 altogether. Very 
few of these plants would ever have sprouted if they had 
been left where they were found. All over the surface of 
the ground are vast numbers of seeds and seedlings which 
only want light and a little free space to grow up into 
strong plants. 
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LESSON XV. 

HOW PLANTS DEFEND THEMSELVES FROM THEIR 
ENEMIES. 

Wanted : — A Thistle in flower , and beginning to seed . 

Enemies and Friends of the Thistle, and how it 
deals with them. — Look at this prickly Thistle. The 
edges of the leaves run out into stiff points, some turned 
one way, and some another. There are larger prickles, 
which are stout enough to resist a strong animal, and 
there are smaller points between to stop small animals 
which might creep between the large prickles. The stem 
is armed in the same fashion, and round the flower-heads 
are more points, which are generally turned down. Few 
creatures would venture to attack a Thistle. Cattle turn 
aside from it ; soft-bodied Snails are obliged to keep off, 
and even hard-bodied Insects lose much time among the 
prickles, though they do not allow themselves to be pricked. 
The Ass is almost the only animal that can get any good 
out of a Thistle. You know how quickly Thistles spread, 
and how hard they are to get rid of. This is partly owing 
to their plumed seeds, which are blown about everywhere 
by the wind, partly to the points and prickles, which keep 
off all kinds of gnawing and browsing animals. The 
Thistle says to them, “ If you bite me, I will prick you/* 
and it keeps its word. Flying Insects, which only come to 
sip the sweet juice of the flower, are not molested at all. 
The Thistle wants their help : it depends upon them to 
carry its pollen from flower to flower. So it attracts them 
by showing a mass of purple flowers, easily seen a long way 



MOW PLANTS DEFEND THEMSELVES. 165 

off, and it fills the tube of each of its flowers with honey, 
and it plants no thorns where they might prick such 
visitors as these. Instead of thorns, there is a soft fragrant 
cushion for tlfem to rest on, and Moths and Bees and Flies 
and Beetles find themselves so comfortable in Thistle- 
flowers that they often 
go to sleep there. 

Night comes on, and 
the flowers close to 
keep out the wet and 
cold, but the Insects 
sleep on undisturbed. 

Hardly any plant is 
so popular with large 
flying Insects as our 
common Field Thistle, 
a tall plant with many 
rather small heads of 
purple flowers. But 
creeping Insects which 
cannot fly are kept at 
a distance. They would be of no use to the Thistle, and 
they would eat up the good things without making any 
return, besides molesting more profitable guests. The 
Thistle does all it can to shut them out. 

Ants mischievous to many Flowers.— Ants appear to 
be a great plague to all the flowers which keep honey as a 
bait for flying Insects. Ants are extremely fond of honey, 
and are very clever at finding it out. But they can do no 
good to the flower. When they get dusted 1 with pollen 
they do not go straight off to another flower and leave it 
on the stigma, as the Bee would do, but they ramble about 



Fitf 100. - Field Tiiirtlb. 
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looking for something to eat. Even if they knew the way, 
and went as straight as they could; it would take them a 
long time to reach the next plant of the same kind, for 
they would have to run over the ground all* the way, and 
brush against countless blades of grass and little twigs. 
The Ants would be much more likely to eat the pollen 
than to fertilise flowers with it. 

Ants kept off by Hairs. — Many plants have special 
defences against Ants, and some of these are very curious. 
One of the commonest and most successful means of keep- 
ing them off is by hairs. Some plants have their leaves 
and steins covered with long weak hairs, which get felted 
together. The Ants get their hooked feet fast in the felt, 
and cannot move a step farther. Sometimes the hairs are 
long and stiff, and point outwards, making a circle round 
the stem like a railing, so that the Ants cannot get past. 
A circle of stiff hairs close together keeps Ants out 
better than the prickles of the Thistle. You can see Ants 
creeping about the Thistle, though slowly and with diffi- 
culty, but they are completely stopped by a circle of hairs 
so small that you cannot see it without looking very 
closely. 

Plants with sticky Hairs. — In many plants the hairs 
on the stem, or the outside of the flower, are tipped with 
little balls of gum, and this baffles Ants and other creeping 
Insects entirely. They are not only prevented from going 
any farther, but they are often glued fast and never get 
away at all. Here is a London Pride in flower. Look 
very carefully at the flower-stems. You will see a great 
number of small hairs standing out on all sides. Each hair 
is tipped with gum, and many creeping Insects are held by 
the gum until they die. The London Pride is a Saxifrage , 
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and many other Saxifrages defend themselves in the same 
way — that is, by means of stieky hairs. You will see them 
very well if you look at the outside of the calyx with a 
magnifying glass. 

Hairs Of Grasses.— Some Grasses have their leaves so 
closely covered with hairs that a drop of rain will not wet 
them, but rolls off to the ground. These hairy grasses are 



Fig. 101. — Corolla of Snap- Fig. 102. — Corolla of Snap* 
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disliked by cattle. I believe that the leaves cling to the 
tongue and stick in the throat. You may often see a 
great tuft of hairy grass left untouched in a pasture, while 
all the grass around is cropped close. 

Snapdragon. — The Snapdragon closes its large flowers 
so tightly that small creeping Insects cannot get into the 
corolla. But the Humble-bee is strong enough to push the 
corolla open, and get at the sweets inside. The Humble- 
bee must be encouraged, because he is useful in carrying 
pollen from flower to flower. 
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Poisonous Plants. — Some plants are poisonous, and are 
let alone by animals for this reason. Others have a hitter 
juice, and some have a perfume which is unpleasant to 
Insects. • 

Milky Juices. — Dandelions and Poppies and Spurges 
send out plenty of milky juice when they are wounded. I 
think that this juice is disagreeable to gnawing Insects. 
The German naturalist, Kerner, once placed some Ants 
upon Lettuce-plants to see what would happen. The 
Lettuce contains milky juice like the Dandelion. No 
sooner had the Ants reached the upper leaves, or flowei • 
stalks of the Lettuce, than the sharp hooks on their feet 
cut through the skin of the plant and the milky juice 
began to How. The Ants were soon daubed over with 
juice, which hardened into a tough brown glue tn exposure 
to the air. The more the Ants struggled the worse they 
were off, for every wound caused more juice to flow. Some 
bit the leaves in their rage, and got their jaws clogged. A 
few were sensible enough to let themselves fall from the 
leaves to the ground, but those which persevered got more 
and more entangled, and were at last lett dead or dying on 
the plant. 

Insect-eating Plants— the Teasel— There is still one 
curious fact to mention. A few plants not only prevent 
Insects from gnawing or injuring them, and imprison or 
kill those which are too obstinate, but they actually digest 
their dead bodies. Mr. Francis Darwin found that the 
Teasel is one of these Insect-eating plants. The leaves on 
the stem are placed exactly opposite to each other ; they 
are wide at the base and joined together in pairs, so as to 
make a cup through which the stem passes. Rain-water 
collects in the cup, and forms a moat round the stem. 
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Creeping Insects trying to make their way through the 
water are drowned in it, and their dead bodies soak till 
they form a sort of thin soup. This soup is used by the 
Teasel for food. It sends out a number of slender filaments 
into the cup, which drnk up the fluid, and so the plant 
extracts all the nourishing part of the bodies of its enemies. 

The stem of the Teasel is rough with small prickles, 
am round the flowers is a 
circle of stiff, pointed and 
^rickly leaves. Besides, long 
spines stand out between 
ah the flowers, which are 
gathered together into a 
close head. I think that 
there arc few plants so well 
protected as tlu Teasel. 

T ^hen the seeds are ready 
to be carried off, the prickly 
points are very easily en- 
tangled in the fleeces of 
sheep, and get carried to a 
distance in this manner. 103.— Common Teasel. 

The dried heads of this 

plant have long been used to tease woven cloth, that is, to 
scratch up the surface and raise the hairs. It is called 
Teasel on this account. 

The Butterwort. — There is a plant known as the 
Butterwort, which grows in bogs and on wet rocks in hilly 
districts, and this is also able to capture and digest small 
Insects. The Butterwort forms a rosette of about eight 
thick yellowish leaves, which have a glidlening surface 
and a clammy feel. The flowers are purple, and carried on 
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long stalks* The edges of the leaves, especially of the Old 
leaves, are often folded inwards over the upper surface. 
Our great naturalist, Charles Darwin, studied the Butter- 
wort very carefully. He found that if small* Insects or hits 
of Flies are placed on the edge of a young leaf, the leaf 
folds over them and encloses them. The glands of the 
leaf, which are set closely over its upper surface, and give 
it a glistening appearance, then pour forth a fluid, which 
after a time is found to turn acid, and to dissolve the soft 
parts of the Insect, in the same way that the acid fluid of 
the stomach dissolves pieces of meat. After a time all the 
nourishing substance of the Insects is dissolved out, and 
drunk up by the leaves. Bits of raw meat were found to 
set up an abundant flow of acid juice, which slowly softened 
them and made them transparent. Small cubes of boiled 
white of egg could be entirely dissolved. 

In Switzerland and other mountainous countries it has 
long been known that the leaves of the Butterwort are 
acid and will curdle milk. Fresh leaves are boiled in milk 
to thicken it and make a sort of curd. The plant is called 
Butterwort for this reason. 

Experiment. — Where fresh plants of the Butterwort 
can be procured, the following experiment may be tried. 
Get a little book of litmus paper, which is dyed blue by a 
colour obtained from a plant. This paper turns red when 
wetted by weak acids. Press a fresh leaf of the Butter- 
wort, which has collected no Insects, upon the paper. The 
colour remains unaltered. Press a leaf upon the paper in 
the same way while it is in the act of digesting a Fly or a 
small bit of meat ; the juice poured out around the Fly or 
bit of meat turns the paper red, and is thus shown to 
be acid. Look out for Insects captured by the plant, and 



HOW PLANTS DEFEND THEMSELVES . 171 

also try to thicken milk with the leaves* When the plant 
is pulled out of the ground the leaves curl backwards 
towards the root. This inclination to curl backwards keeps 
the rosette tight against the 
ground, and prevents other 
plants from interfering with 
it. 

The Sun-dew.— The 

most interesting of our 
native Insect-eating plants 
is the Sun-dew, which was 
also admirably described by 
Charles Darwin. This is 
found in boggy places, on 
moors, and wide commons, 
and can be found with a 
little trouble in most parts 
of the British Islands. It 
is rather hard to see the Fig. 104.— Butterwout. 

plant, even when there is a Small capturedjlte^are seen on the 

great deal of it about, for 

the reddish leaves look very like some kinds of moss which 
grow in wet ground. When the plant has once been 
found it is generally easy to get plenty more. 

We have three kinds of Sun-dew. In the Common 
Sun-dew the leaves are shaped like salt-spoons, with long 
stalks and rounded ends, and a number of such leaves make 
a rosette. The other two kinds have longer leaves, which 
stand up instead of forming a flat rosette on the ground. 
All our Sun-dews have clusters of small whitish flowers on 
long stalks. The bowl of the spoon -shap&d leaves is stuck 
all over with large hairs or tentacles, which become longer 
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and longer the nearer they are to the edge of the leaf. 
Each of these tentacles has a small gland on the tip, and 
every gland distils a large drop of sticky fluid, which 



Fig. 105. — Common Sundew, with a Leap (maonified). 
The tentacles on the leaf are closing round a small fly. 


glitters in the sun like a drop of dew, and suggested the 
name of Sun-dew, by which these plants are known. 

How the Sun-dew catches Plies.— -If a small Ply 
happens to touch one of the tentacles, it is caught by the 
sticky fluid. The tentacle bends slowly inwards towards 
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tfae middle of the leaf, and every tentacle which is touched 
by the straggling Insect bends too. The impulse to bend 
is given also to tentacles which have not been touched at 
all. The glands soon pour forth more fluid, and this 
becomes acid, as in the Butter wort. Before many minutes 
have passed the Insect ceases to struggle. Now the tables 



are turned, and the Sun-dew begins to eat up its enemy. 
The tentacles close over the dead body, and the acid juice 
acts upon it until all the soft parts are digested. After 
two or three days the tentacles open out again and wait 
for a ne\v victim. Bits of meat or boiled white of egg 
are digested as easily as the muscles of a Fly if they are 
quite small. If substances useless for food are dropped or 
blown upon the leaves, the plant closes its tentacles for a 
time, but soon finds out its mistake and releases them. 

Experiment. — Test the fluid of a iresh Sun-dew's 
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tentacles with litmus paper* The leaf must not have cap- 
tured Insects, or have been excited in any way. No visible 
sign of an acid will be detected. Put small cubes of boiled 
white of egg, about one-twentieth of an in<jh in diameter* 



Fig. 107. — Fly-trap of North Carolina. 

upon the same leaves. Observe the closing of the tentacles. 
After twenty-four hours test again for acid, when the litmus 
paper will be found to turn red wherever the fluid touches it. 

On a wet., boggy moor the Butterwort or the Sun-dew 
must be very glad of an occasional meal of animal food, 
for they can hardly draw up anything but water through 
their roots. 
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Other Insect-eating Plants.— There are many other 
kinds of Insect-eating plants, such as the Pitcher-plants of 
the East Indies, which entice Insects into their great water- 
pots, and the # Fly-trap of North Carolina, which folds up 
and imprisons them between the halves of the leaf. But 
it will be best to tell you only about those which you can 
gather and observe for yourselves. 


LESSON XVI. 

CHRISTMAS DESSERT. 

Wanted : — Oranges, Walnuts , Raisins , Almonds , Figs. 

Oranges. — Would you like to kndw something about 
the fruit on the table ? You see that we have Oranges, 
Walnuts, Raisins, Almonds, and Figs, before us. I will 
tell you a few things about Oranges to begin with. 

Where do Oranges come from ? From many warm 
countries — from Sicily, Spain, the Azores, Florida, Cali- 
fornia, and of late years from Australia. They are grown 
in many other parts of the world besides which do not 
send fruit to us. 

Oranges have been much improved by cultivation. 
There seems to be no country where wild Oranges are to 
be found so large and well flavoured as those which we are 
accustomed to see. But there are wild Orange-trees in the 
jungles of some parts of India, and these may perhaps be 
the wild stock from which all our cultivated Oranges have 
been got. In Burmah and China too are wild Orange- 
trees which may turn out to be the originaf kind. Orange- 
h&ve been cultivated in India, China, and Japan, for 
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hundreds, and perhaps thousands of years. They were 
first brought to the countries on the Mediterranean Sea 
by the Arabs, and afterwards they were taken to France 
and Italy by the merchants of Genoa and others. The 



Portuguese brought Oranges from China to their own 
country and to the Azores. 

Have you ever seen an Orange-tree? It has glossy 
evergreen leaves of peculiar shape. The stalk widens out 
as if it formed part of the leaf, but there is a clean line of 
separation running across where the proper leaf begins. 
The flowers are white, or pale pink in some sorts. The 
fruit hangs long upon the tree, so that you may see last 
year’s fruit and this year’s flowers side by side. When the 
flowering season is over, the style falls off, and the ovary 
enlarges till it forms the fruit. You can see a very small 
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scar on an Orange, where the style onee grew, and a much 
larger sear at the other side where the fruit was fastened 
to the stalk. One large tree will often bear a thousand 
Oranges at oijpe. 

The outer part of the rind of the Orange is full of 
little cavities which contain a strong-scented oil. This oil 
can be dissolved out by alcohol, and is used in the manu- 
facture of Eau-de-Cologne. - Then we come to a white 
rind, and in the middle of the fruit are a number of 
carpels, or divisions of the ovary, each filled with pulp, 
and generally enclosing a single pip or seed. The pulp 
contains a good deal of acid, and, when quite ripe, sugar 
too. 

Seville Oranges have a bitter taste. Marmalade is 
made from the fruit, and Orange- water from the flowers. 

Lemons are a kind of Orange with much acid in the 
pulp. They can generally be told by the shape of the 
fruit, which is oval, and has a knob at the end where the 
style grew. 

Citrons are a kind of large Lemon with a thick rind, 
which is often preserved in sugar. 

Limes are Oranges with a very acid fruit, which can 
hardly be eaten by itself. A little of the juice, squeezed 
into water and sweetened, makes a refreshing summer 
drink. 

Bergamots are small, pear-shaped Oranges, with a 
delightful perfume. 

Shaddocks are large round Oranges with a very thick 
rind. 

You see that Oranges, like all plants uppn which much 
pains have been bestowed, have been much improved by 
cultivation and selection, and have broken up into different 

L 
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kinds. At the present time we do not know for certain 
whether they were all alike at first, or whether they have 
sprung from several wild sorts. 

If you plant an Orange-pip m a flower-pot, and take 
care of it, the seedling will open its leaves, and grow into 
an Orange-tree. Sometimes there are two, three, or four 
seedlings in one pip. 

Very little is known about wild Oranges, and I eannot 
tell you for certain why they have pulpy fruit and strong- 
scented oil in the rind. But I fancy that the pulpy fruit 
tempts Birds to scatter the pips, and that the oil keeps 
them from tearing open the fruit until the seeds are quite 
ripe. The strong scent of the flowers and leaves is a 
protection against gnawing animals, and may attract 
Hying Insects to visit and fertilise the flowers. 

Walnuts. — Walnuts grow upon good-sized trees which 
are often to be seen in England, though they are not native 
to this country. They come from the temperate parts of 
Asia, between Russia and Japan. The Walnut-tree has 
large, fragrant leaves. The wood is dark brown, and 
beautifully marked. It is hard, and takes a good polish, so 
that it is much fancied for gun-stocks and cabinet work. 
The fruit of the Walnut is at first covered with a green 
rind, which is very bitter. If you get the juice of this 
rind on your hands or face it turns the skin brown or 
black. Inside the green rind are two carpels, or divisions 
of the ovary. Each carpel is a hard shell, and the two 
shells fit together and make a nut. We should expect to 
find at least two seeds inside the two carpels, but only one 
ever comes to full size. So we have two carpels enclosing 
one large seed, and outside the carpels is the green rind, 
which is formed of the hollo wed-out end of the flower-stalk* 
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If you look carefully at a Walnut, you will see that it 
is flatter at one end than the other. The flat end has a 
scar which shows where the carpels grew out of the flower- 
stalk. At tlfis point the seed was joined to the carpels, 
and here it received the nourishing fluids which enabled it 
to grow big. 

The space inside the two carpels is divided in four by 
four imperfect partitions. Hammer the shell of a Walnut 
gently, and break it away little by little till you can see 
the seed entire and the four corky partitions* The seed is 
crumpled into a very uncommon shape, and it is completely 
covered by a thin brown skin. 

What do we find inside the brown skin? A young 
Walnut-tree. This is a surprise, for the white stuff inside 
the skin, which we are accustomed to eat, does not look 
much like a Walnut-tree, nor indeed like any sort of plant. 
But I tell you the exact truth. When we eat a Walnut, 
we eat a young Walnut-tree, and, as nearly as possible, 
nothing whatever else. The root of the young plant is 
pointed and turns up towards the pointed end of the shell. 
You can easily see it for yourselves. The stem turns 
downwards, and is very small, but 'with careful dissection 
even the minute leaves and buds upon it can be seen. The 
rest of the young plant within the shell is made up of a 
pair of large, crumpled, fleshy leaves, each folded along 
its length, with a corky partition in the hollow and a pair 
of partitions between the two leaves. These seed-leaves, as 
they are called, contain much oil. Where Walnuts are 
plentiful, many nuts are collected and taken out of the 
shell, and squeezed by machinery to press ou4 the oil, which 
is used for mixing paints and varnishes. 

If you plant a Walnut in damp earth, the rind and 
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shell slowly decay. Then the seed begins to swell, and 
pushes out a slender white sprout, which is the root. The 
root lengthens and fixes itself in the earth. After a time 
the stalk comes out, but the seed-leaves neyer Gome out 
at all. Their oil is used as food by the growing plant, and 
when all the oil has been drunk up, nothing is left but a 
withered husk, which is left to rot in the rotten shell. But 
the stem goes on pushing upwards through the earth, and 
when it reaches the open air it unfolds its leaves, which soon 
turn green. The first leaves are very small, but in a few 
years the young tree puts forth leaves like those of the parent. 

Well -grown Walnut-trees are very useful. The young 
fruit is made into pickles, the ripe fruit is a pleasant 
dessert, and the wood is much valued. But it is not often 
planted, because great boughs are very apt to break off, 
and then the tree takes an ugly shape. Besides this defect, 
the stem often decays, and becomes hollow, so that people 
who make a point of having shapely trees in their parks 
and plantations do not plant Walnuts. 

Why is the rind of Walnuts bitter ? I suppose it is 
to prevent Quadrupeds, Birds, and Insects from munching 
them up. Why have they a hard shell ? No doubt for the 
same reason, as a defence against animals. There is a thin- 
shelled variety of the Walnut, which suffers from the 
attacks of Tom-tits. How does the Walnut scatter its 
seeds ? I cannot tell you, for the Walnut does not grow 
wild in any country that I have seen, and we must study 
trees in their native haunts to understand their wants, and 
how their wants are met. 

Raisins. — Raisins are dried grapes, and grapes are 
the fruit of the Vine. Raisins are dried in various ways. 
Sometimes they are merely left on the Vine till ready. In 
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other places the stalk is cut nearly through to hasten the 
drying. When a soft glossy skin is desired, the clusters 
are dipped into boiling water before drying. 

Malaga Raisins, such as are used for dessert, are : care- 
fully picked and dried in clusters. They come from 
Malaga, Valencia, and Alicante, in Spain. Smyrna sends 
us large cooking Raisins, as well as a small kind without 
seed, known as Sultanas. The Ionian Islands grow small 
grapes, which are gathered and laid in the sun in drying 
grounds, and turned over continually till they are made 
into a kind of Raisins, called Currants. Notice that these 
Currants, which are sold by the grocer, have nothing to do 
with the Black and Red Currants grown in our gardens, 
which are so called only because they are of the same size 
and appearance as the others. 

All these kinds of grapes, as well as many others which 
are used for making wine, come from one wild stock. Few 
cultivated plants have branched out into so many different 
varieties as the Vine. 

Perhaps you wonder how seedless grapes can continue 
to live year after year. They could only live when cared 
for by man, for they must be multiplied by cuttings. 
Shoots are cut off from the old plants and set in the earth* 
or grafted upon other Vines, and with proper care they 
grow into fruit-bearing branches. 

Raisins contain much sugar, and also a sour substance 
called cream of tartar . 

Almonds. — Almonds are the kernels of a fruit-tree 
very like a Peach. But the fruit is not soft and eatable, 
like that of the Peach, it is tough and dry. The kernel is 
the only useful part. * 

The Almond is a native of Syria and some neighbouring 
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parts. Most of the fruit comes to us from Spain and 
the Mediterranean countries. The tree is common in 
English gardens, but never ripens its fruit in this cold 
climate. The flowers are pink, and appear in early spring 
before the leaves. An A^mond-tree in 
blossom is a beautiful sight. 

Besides the dessert Almond there 
is a variety called the Bitter Almond, 
which contains a strong-scented, poi- 
sonous oil, which is used very sparingly 
in cookery. 

You can easily split an Almond 
into halves. The halves are the seed- 
leaves, which are filled with oily food 
for the nourishment of the young seed- 
ling. At one end you will see a small 
pointed rod lying between the two 
seed-leaves. This is the future stem and root. When the 
seed sprouts, the oily substance is used up as food, and 
before long, green leaves push out from the stem. After 
that the plant finds food for itself. 

Figs. — Figs come from the Mediterranean, especially 
from Smyrna. They are borne upon small trees with broad, 
deeply lobed leaves. 

The eatable part is the end of the flower-stalk, which 
swells and grows fleshy, and turns inwards at the edges to 
form a pear-shaped cup. All the flowers are inside. Near 
the mouth of the cup are a few flowers which bear stamens 
but no pistil. Further in are very many flowers which bear 
pistils, but no stamens. It is necessary to have the pollen 
brought from the staminate to the pistillate flowers, and this 
is done by Bee-like Insects, which creep into the hollow 



Fig. 109. — Almond 
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flower-stalk, and fertilise the flowers. When a pistillate 
flower ripens, it produces only a single seed, so that there 
is a flower for every one of the countless seeds inside a Fig, 
and a few staminate flowers besides. It seems that too 
little pollen is produced by 
the cultivated Figs, or else 
too little is carried to the 
pistillate flowers, for it is 
found that many Figs drop 
off early because they have 
not been fertilised. This is 
prevented by placing flower- 
ing branches of the wild 
Fig in the cultivated trees. 

The ripe Figs are gathered/ 
dried in the sun, and packed 
up for sale. They contain 
much sugar. 

If you plant Orange- 
pips, or Walnuts, or Shell 
Almonds, and keep them Fig. HO. — Unripe Fig, cut open. 
warm and well watered, they 

will generally grow. But I believe that Raisins and Figs 
will hardly ever produce Vines or Fig-trees. Even in the 
countries where they grow out of doors they are never 
raised from seed, but always by cuttings. 

Different parts eaten, — You see that different parts of 
different plants are eaten as fruit. In the Almond and 
Walnut we eat the seed. In the Orange and Raisin we eat 
the pulp between the seed and the outer rind. In the Fig 
we eat the fleshy top of the flower-stalk, as we do in the 
Apple and Pear also. 
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Names of Fruits. — The names of these fruits have a 
history which may interest you. What does Orange mean ? 
Most people used to think that it had something to do with 
Or, which is the French word for Gold, or wifh the Italian 
and the Spanish Oro , which means the same thing. But 
it appears that we get the word from the Arabs, who called 
the Orange Narunj. The Italians got hold of this name, 
and turned it into Naranzi and afterwards into Arangi . So 
you see Orange should by rights be Narange. 

Wal in Walnut means foreign . We have the same 
word in Wales (which originally meant “foreigners”), 
Walloon , and some other words. 

Raisin is a French word, altered from the Latin 
racemus , which means a bunch of grapes. 

Currants are named from Corinth, where they used to 
come from. , . , : . 

Almond comes to us from the French. The French 
got the word from the Latin, and the Latin from the Greek. 

Fig comes from the French figue, and Latin ficus . 

By the way, we have forgotten the word Dessert itself. 
What does it mean ? It is a French word, which means 
“ cleared away.” The Dessert consists of fruit and sweet- 
meats and other things brought in as soon as the cloth is 
taken off. 
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LESSON XVII. 

HEAT. 

The apparatus required for these experiments on Heat 
is sufficiently described in the Lesson . It is desirable , and 
even necessary , that the teacher should have at least an 
elementary practical knowledge of the subject , such as 
would be acquired in a short laboratory attendance . Some 
of the experiments may go seriously wrong in hands alto- 
gether inexperienced. 

This Lesson will require at least two hours. It will 
be found convenient to divide it into two parts, and to 
begin the second part with a short recapitulation of what 
has already been gone over . 

Expansion Of Solids. — I have here a flat bar of copper 
twenty inches long.* I lay its ends on these square blocks 
of wood. It is necessary to prevent one end of the bar 
from moving outwards, so I hammer a couple of tacks into 
the top of one of the blocks to make a stop. The other end 
can move freely. Now I take a large pin, and pass it 
through this long and thin piece of card. The card is 
meant to be a pointer. I lay the pin underneath and across 
the free end of the copper bar. The bar rests upon the 
pin, and you see that when I push the bar gently along in 
the direction of the pin, it makes the pin turn round, and 
the card pointer turns with it. Then I push the bar back 
into its place, and make its end rest against the stop. Now 
we are ready for our experiment, which is this : I put a 
lighted spirit-lamp beneath the centre of Itfie bar, which 

• Twenty inches of the copper tape used for lightning conductors will do 
very well. 
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soon grows hot. As it is heated it lengthens a little, so 
little that we could not see it lengthen without some such 
contrivance as I am using. When it lengthens, the ends 
try to move apart. But one end is stopped by the tacks, 
so that only the other end, which rests ou the pin, is free 
to move. As it moves, the pin turns round, and the 
pointer with it. At first the pointer stood upright ; now 
it slopes; in a minute it will be nearly level. The 



Fig . 111. — Experiment on Expansion op Solid Bak. 


movement of the pointer enables all of us to see that the bar 
lengthens a little when heated. It not only lengthens, but 
it becomes broader also, though this could not be made 
clear without more exact measurement than we can use. 
To put it shortly, Copper expands when heated — that is, it 
swells, and takes up more room. Very nearly all solid 
substances do the same thing. 

Whenever you look at a railway line, you will be re- 
minded of the expansion of solids by heat. The joints of 
the rails are not quite close, but a small space is purposely 
left, so that each rail can expand when warmed by the sun, 



HEAT. 


m 


and contract again when cooled. In winter the spaces are 
wider than in summer, because the rails are a little shorter. 
If the rails touched each other all the way along, they 
would bend sideways or upwards when they 
expanded, and tear them3elves out of their bed. 

Have you ever seen the iron tire shrunk on 
to a wheel ? It is bent round into a circle of 
the right size, and made to fit so tight that it 
will never slip off afterwards. But how can 
it be got on? The tire is heated in a fire. 

Then it expands, and makes a rather larger 
ling than before. This is easily slipped on to 
the wooden wheel as it lies on the ground. 

When it is in its place, buckets of water are 
poured upon the tire, which copl it and c.iuse it 
to contract. The ring gets smaller, and grips 
the wheel so tightly that there is no fear of its 
slipping off again. 

Expansion of Liquids. — Would a liquid 
expand in the same way when heated? We 
must try to find out. You will see that we 
must fit up a new experiment alto- 
gether. The pin and pointer will not 
do this time. I have here a glass flask 
filled with coloured water. A cork is 
fitted into the neck of the flask, and 
through the cork passes a long upright 
glass tube, behind which a long strip 
of paper is fastened. The coloured 
water rises a little way into the tube,* and I will mark its 

* This is arranged by filling the flask quite full of coloured water. When 
the cork is inserted, the fluid rises a short distance into the tube. 
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level on the paper. There is a pan of hot water on the 
table, and I will plunge the flask into it. If heat expands 
water, the water will rise in the tube. Now all is 
ready. I lower the flask into the ho$ water. The 
coloured fluid sinks. That is unexpected! But in a 
few seconds it begins to rise again ; now it has risen 
higher than it stood at first, and it goes on steadily 
rising until it has reached a point much above our first 
mark. I make a second mark at its present level, and lift 
the flask out of the hot water. 

What does this experiment prove ? That water expands 
when heated . Then why did it sink at first ? Try to find 
out for yourselves. If you cannot manage that, I will tell 
you. The flask became heated first, and expanded. Then, 
of course, it became able to hold more water, and the 
coloured water sank into it. A few seconds afterwards 
the water began to expand, and then it soon rose in the 
tube. Our experiment really proves that both the glass and 
the water expand when heated , but the water more than the 
glass . 

Why is a narrow tube wanted to show the rise of the 
water? Because it makes a small amount of expansion 
easily seen. Perhaps you will not understand this at first. 
If I were to add a teaspoonful of water to the flask when 
half full, it would not be easy to see any difference in the 
height, but if I poured it into a narrow tube, it would 
cause the level to rise perhaps an inch or two. For the 
same reason a slight expansion of the coloured water would 
not be seen in the flask, but it is easily seen in the tube. 

Ail other liquids expand when heated. But I take it 
for granted that the experiment is made when they are at 
a moderate degree of warmth. Water, when nearly 
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enough to freeze, contracts with heat and expands with 
cold, but if you go on heating it, you will soon see it 
expand as usual. 

Thermometer. — The expansion of liquids by heat is 
made use of to get an instrument for measur- 
ing degrees of heat. Such an instrument is 
called a Thermometer . I have one here. 

You see the bulb of thin glass, filled with 
a metal called Mercury or Quicksilver. Out 
of the bulb rises a thin tube, which is attached 
to a scale, on which degrees are marked. 

When the mercury in the bulb is warmed it 
expands, and rises in the tube, and the scale 
tells us how much it rises. But does not 


the glass expand as well as the mercury? 
If both expand, why does the mercury rise 
in the glass tube ? It is quite true that the 
glass expands as well as the mercury, but 
it does not expand nearly so much. The 
thermometer really marks, not the expansion 
of the mercury, but the difference between 


the expansion of mercury and the expansion 
of the glass, and that does nearly as well. Iff 

Expansion of Gases.— Do gases expand 1 1 
with heat as well as solids and liquids? Let Ik 

us try. We must think of a handy way of ■! U j| 
making the experiment. I will use the glass f:||J||||||r 
flask with its long tube. First I take out • 
the cork and tube, and empty out all the 
coloured water. Then I get a short length 
of coloured water into the top of the tube. This is easily 
done. I hold the flask in my hand, with the cork and 
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tube fixed in it once more. I turn the whole thing 
upside down, and dip the end of the tube into the 
coloured water. Then I remove my hand for a moment 
from the flask, which is now held only by Jhe tube. The 
coloured water rises in the tube, but I soon stop it by taking 
the flask into my hand again. Now I set the flask on the 
table, and you see that there is a length of coloured water 
near the top of the tube, easily seen, especially when I put 
a sheet of white paper behind it. That length of coloured 
water will serve instead of a pointer. You will find that 
when I take the flask into my hand, the fluid rises ; when 
I take my hand away, it sinks again. A little ice-cold 
water makes it sink much further. We may call this 
simple piece of apparatus an Air Thermometer . The air 
thermometer proves that air expands when heated , and 
contracts when cooled , and it does so much more than water 
would.* 

See the effect of heating air over a flame. I fit a bent 
tube by means of a cork to a clean dry flask, and let the 
end of the tube dip into the water in a glass beaker. 
When I hold a flame under the flask, the air expands and 
forces its way out, and bubbles up through the water. 
You see how much air is driven out by a moderate degree 
of heat. I will hold a beaker over the bubbles of air, 
and collect them as they rise. 

Now I have driven out a goed deal of air, and the flask 

* A very narrow tube answers best. If it is too wide, the column of 
water will gradually escape by running down the sides. A more convenient 
form of Air Thermometer is made by filling the corked flask one-third 
full of coloured water, and letting the tube dip into the water. The im- 
prisoned air expands when heated, presses upon the surface of the water, and 
forces it up the tube. The water expands so much less than the air that its 
expansion may be neglected in rough experiments. 
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begins to get hot. I will take away the flame and let the 
air in the flask cool. By-and-by I will plunge the end 
of the tube into the water again. What will happen ? 
The air will contract Then the water will rise in the tube 
and fill part of the flask. If I were not careful to begin 
when the flask is only moderately hot, the cold water 
would make the glass fly as soon as it touched it. 

It was in this way that I got a little coloured water 
drawn up into the tube a few minutes ago. I first warmed 
the flask with my hand. Then I took my hand away, and 
the flask began to cool. As it cooled, the air inside con- 
tracted, and when I dipped the end of the tube into the 
coloured water, some of the water was immediately sucked 
up. 

Pressure Of the Air. — Why was the water sucked up ? 
You remember that a quantity of air was imprisoned in the 
flask. This air was prevented from escaping by the 
column of water, and by the air pressing upon the column 
from the other side. There is a thick layer of air press- 
ing upon the surface of the earth, and this air has 
weight, though not much, considering its depth. If the 
air in the flask is warmed, it presses harder against the 
water, and gets a little more room to expand in. But if 
the air in the flask is cooled, it presses more feebly, and 
is driven inwards. The air above the earth now forces the 
water a little farther into the tube. 

Density. — When the air in a bottle is warmed, it tries 
to expand, and if there is an outlet, some o£*it will escape. 
Then of course there is less air in the bottle than at first, 
but the bottle is still filled with air. The weight of the 
air is less, but it fills the same space as before. We say 
that the air in the bottle is less dense — that is, a measured 
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quantity weighs less. This is a new and a hard word, but 
we must get used to it, and remember exactly what it 
means. Water is denser than air, because a pint of water 
weighs more than a pint of air. Mercury^ is denser than 
water, because a pint of mercury weighs more than a pint 
of water. Cold air is denser than warm air, because a 
pint of cold air weighs more than a pint of warm air. 
When air which is free to escape is warmed, it expands, 
and there is less of it in a measured space. It becomes 
less dense in consequence. 

A thing which is denser than the liquid which surrounds 
it will generally sink to the bottom. If it is less dense it 
will generally swim on the top. Mercury sinks in water, 
because mercury is denser than water. Water sinks in 
air, because it is denser than air. If cold air and warm air 
are brought into the same room, the cold air will settle 
towards the floor, and the warm air towards the ceiling. 

Fire-balloons are made on this principle. A sponge 
filled with alcohol is kept burning in the open mouth of 
the balloon. The flame heats the air in the balloon, which 
expands, and becomes less dense. The warm air inside 
the balloon is less dense than the outside air, and rises 
through it, carrying the balloon with it. 

When part of the air in a room is warmed, it becomes 
less dense, and rises to the ceiling. It tries to escape, just 
as the air in the bottle did, and if the door is open it will 
escape at the top of the opening. Cold air will flow in at 
the bottom of the opening, to take the place of the air which 
has become warmed, and has risen to the ceiling. There 
will soon be a steady current or draught of air in the room, 
flowing inwards from the door, then passing upwards 
towards the ceiling, then outwards from the top of the - 
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door. I can show you that such a current o£ air exists in 
this room.* I open the door a little way, and hold a lighted 
candle near the floor. , The current of air blows the flame 
inwards — that is, towards the room. Now I hold the 
lighted candle near the top of the door. The current blows 
the flame outwards. If there is an open fireplace in the 
room there will be a current setting in towards the 
chimney, and this may make an important difference. 

Capacity for Heat.f — I have here a cake of wax about 
four inches across and a quarter of an inch thick, which I 
place on the ring of a retort-stand. Here are also three 
bullets of the same size, one of iron, one of lead, and one 
of zinc. All three are suspended by threads from a wooden 
bar, and hang down into a vessel of water, which is kept 
boiling by a flame beneath. They have been there for 
several minutes, and are no doubt just as hot as the water 
in the vessel, and just as hot as each other. I will now 
lift the three balls out of the water at the same moment by 
means of the Wooden bar, and lay them on the wax without 
touching one another. They melt the wax, and before long 
the iron bullet drops through. After some time the zinc 
bullet comes through. The leaden bullet does not come 
through at all, but turns cold first. You see that lead 
melts less wax than zinc, and zinc less than iron. Per- 
haps you will think that the bullets, though of the same 
size, were not of the same weight, and this is true. But 
the leaden bullet is the heaviest of the three, and yet it 
cooled first. If we had taken bullets of the same weight — 

* Where there is a strong inward or outward draught, this experiment is 
liable to fail. 

+ Determine by previous trial the temperature at starting which will just 
enable the sine bullet to pass through the cake of wax used for this experi- 
ment. 

M 
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and this would have been the best way of making the 
experiment — the zinc bullet would have been the biggest, 
the iron bullet would have come next, and the leaden bullet 
would have been the smallest of the three. Lead is denser 
than iron, and iron is denser than zinc — that is, there is 
more of it in the same space. The iron bullet would still 
have come through first, the zinc bullet second, and the 
leaden bullet last, or not at all. 

It is best in comparing the melting power of different 
metals to take equal weights , and not equal sizes. 

What does our experiment prove ? That equal quanti- 
ties of iron, zinc, and lead, when raised to the same degree 
of heat, do not contain equal quantities of heat. We can 
melt more wax with one than with another. Some sub- 
stances have a greater Capacity for Heat than others. It 
takes more heat to warm them up, and they give out more 
heat in cooling. 

Water has a greater capacity for heat than any other 
common substance — ten times as great as an equal weight 
of iron, for instance, and more even than an equal measure 
of iron. There is no common substance which requires 
more heat to warm it, or which parts with more heat in 
being cooled, than water. 

Conduction of Heat by Solids.— Here are two pieces 
of stout copper wire, of the same length, about six inches. 
One of the two has a long strip of paper tightly wound 
round one end. I will ask two of you to take each a wire, 
and hold the end in this flame. The end wound with 
paper is meant to be held in the hand. Which will hold 
the wire longest in the flame ? You know beforehand, of 
course, but nevertheless we will see for ourselves. Yes, it 
is as we all expected. The bare wire has grown too hot to 
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be held any longer, but the wire which is wound with 
paper is not uncomfortably hot. Heat passes quickly along 
the wire, and reaches the fingers of the person who is 
holding it. Heat passes very slowly through paper, and if 
paper is placet! between the wire and the fingers, it will 
stop most of the heat. Copper wire is a good conductor of 
heat, and paper is a bad conductor . 

I have two spoons here, one of silver* and one of wood, 
and a pan of boiling water. I will ask one of you to stir 
the boiling water with the silver spoon, while another stirs 
it with the wooden spoon. We shall see who goes on 
longest. It will not be long before the silver spoon gets 
too hot to hold, but the wooden spoon will not feel hotter 
than it did at first. Silver is therefore a better conductor 
than wood. Metals are generally good conductors. Wood, 
stone, glass, and paper, are bad conductors. 

Conduction of Heat by Liquids. — What sort of con- 
ductors are liquids, good or bad ? We can soon find out. 
Here is a large glas^ bowl full of water. I will warm the 
water as the t A p smaller floating beaker, which 

I fill half full of nearly boiling water. Now we want to 
find out whether heat is conducted by the water to the 
bottom of the bowh Let us use our air thermometer to 
see whether this is so or nc^. The air thermometer is very 
good for pointing oat small differences of temperature.f 
We must load the ball of the air thermometer with shot, so 
that it will sink to the bottom of the bowl. Now we have 
everything ready, and I float the hot watej beaker in the 
bowl. See whether the coloured fluid in the tube of the 

* Pewter will not do instead of silver. 

f Temperature means degree of heat. To know the temperature of a body 
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air thermometer moves at all. If the water at the bottom 
of the bowl is heated, the coloured fluid will rise In the 



Fig. 114. — Experiment on Conduction of Heat by Water. 
(The air thermometer shown here is described in the note on page 190.) 


tube. But there is no change. In half an hour there %ill 
be no change worth speaking of. Water is thus shown to 
be a very bad conductor of heat . I can hold a test tube 
full of water in my hand, and warm the water at the top 
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over a flame until it boils, without feeling any change of 
temperature at the bottom, where my hand is. 

Conduction of Heat by Gases.— Air and all gases are 
very bad conductors of heat, but I cannot think of any 
quite simple experiment to prove that they are so. This is 
because they move about so easily, especially when they 
are warmed on one side more than on the other. They 
carry the heat without conducting it. v 

Perhaps some of you know that in Russia and other 
very cold countries people use double windows, one inside 
the other, and find them a great comfort. Air is imprisoned 
between the inner and the outer window, and the heat of the 
rooms can hardly make its way through this air, so that 
most of it is kept inside. Our clothes are very bad con- 
ductors of heat. It would be very uncomfortable for us if 
they were not, for if we were clad in good conductors, we 
should lose our heat very fast. Our clothes are all the 
warmer for having much air imprisoned in their pores. 
We find very loose woollen wraps as warm as much heavier 
things. The air, if it can be kept still, is soon warmed 
by our bodies, and it conducts the heat away very slowly. 
I have said that air and other gases are very ready to carry 
heat, though they conduct it so badly. They carry it 
much in the same way that a lighted match carries heat to 
the gas. The air gets heated, and moves to another place, 
and carries the heat with it. We call this Convection of 
Heat . Both liquids and gases carry heat very easily in this 
way, because they flow so easily. Heat* cannot travel 
through solids by convection. 

Convection of Heat in Water. — Let us set up some 
cpnvection-currents in water. We can do so very soon 
either by heating it from below or by cooling it from 



196 OBJECT LESSONS FROM NATURE . 

above. I will try heating the water in this large beaker 
from below. A flame placed beneath the beaker will do 
all that we require. As the water at the bottom of 
the beaker gets warm, it becomes less dense, and rises 
to the top. More water takes its place, flowing in from 
the sides of the beaker. This is continually supplied 
from above, and so a circulation is set up. Upwards in 
the centre, outwards over the top, downwards along the 
sides, inwards along the bottom — that is the course of the 
current. If I put some wet bran in the water, you will 
see the currents for yourselves.* 

Convection of Heat in Air. — Let us suppose that we 
have a room closed entirely, and with a lighted lamp in 
the middle of the floor. Convection currents of air will 
be set up, just like the currents of water in the beaker. 
There will be an ascending current over the lamp, outward 
currents along the ceiling, downward currents along the 
walls, and inward currents over the floor. These convection 
currents spread the warm air or the warm water over the 
whole space, and thus help to keep up an equal degree of 
heat all over. 

Radiation of Heat. — I have told you of two ways in 
which Heat travels. These are Conduction and Convection. 
There is a third way, more interesting and more difficult to 
understand than either of the others. Conduction takes 
place with extreme slowness. Convection may be much 
more rapid, especially in air. But in the third way which 
I am going to tell you of, Heat travels with incredible 
speed, as fast as Light. It can travel from the sun to the 
earth in a very few minutes, and from any point on, the 

* If the bran is not thoroughly soaked it will float at the top. The best 
way is to hoil it beforehand. 
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surface of the earth to any other in sight, faster than any 
timekeeper that you know of can measure. We call this 
third way Radiation of Beat. 

Heat can radiated through empty space, where there 
is not even air. It passes with the greatest ease from the 
sun to the earth, though there is, so far as we can tell, no 
substance whatever, solid, liquid, or gas, for almost the 
whole distance. 

Heat is radiated equally on all sides from the hot body. 
It does not matter where you place your thermometer, 
above or below, it will be equally affected by the Heat 
radiated from the hot body, provided that the distance is 
the same, and that no substance comes between to stop the 
radiation. 

Radiant Heat travels through space in straight lines, 
and with the speed of Light. 

Radiant Heat can pass through some substances, such 
as perfectly dry air, without perceptibly warming them. 

In these respects Radiation of Heat is very different 
from either Conduction or Convection, but it is just like 
Light. Indeed, it is not quite proper to speak of Radiant 
Heat as a different thing from Light. The more we know 
about them, the more clearly we see that they are only 
different forms of the same thing. 

Warming by Radiation.— When we warm ourselves 
in front of a fire we receive the Heat by Radiation. You 
would be inclined to think that we get the Heat from the 
warm air, but the fire will warm you even when the air 
between you and it is cold. I have stood before a furnace 
when a frosty wind was blowing between it and my body, 
but the Heat of the furnace was easily felt. The sun warms 
us when the air is intensely cold. Hold a thermometer in 
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front of the fire and see how rapidly the mercury rises. 
But a sheet of paper held between the fire and the ther- 
mometer will soon send the mercury down. If the Heat 
were conducted or conveyed - by the air, the paper would 
make little or no difference. 

Radiant Heat is much pleasanter as a means of warming 
a room than the Heat conveyed by circulating air. We 
enjoy warmth and cool fresh air all the better when we 
get both together. When a room is heated by an open 
fire, the air may be quite cool, though the walls and the 
bodies of persons in the room are comfortably warmed. 

The Heat which this gas flame gives off may travel in 
three different ways at the same time. 

Part of it warms up the brass tube of the lamp, and is 
conducted away, very slowly, and for a very short distance. 

Part of it warms the air above the flame, which rises 
and conveys away the Heat. 

Part of it is radiated with the speed of Light to all 
parts of the universe not shut off by substances which stop 
Heat, and which are, as we say, opaque to Heat. 
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LESSON XVIII. 

AIR AND BURNING IN AIR. 

This LessZn will require about two hours . It will be 
found convenient to divide it mto two parts , beginning the 
second part with a short recapitulation of what has already 
been gone over . The teacher should be t possessed of at least 
such an elementary practical knowledge of Chemistry as 
would be acquired in a short course of Laboratory work . 

Air felt but not seen. — We cannot see, taste, or smell 
pure air. How do we know that there is any such thing ? 
Because we can feel it. If we wave our hands rapidly, 
we feel that they pass through something which resists, 
though very slightly. When air is in very rapid motion — 
for instance, when a gale of wind is blowing — we have 
good proof that this invisible substance is a real thing, 
which can raise waves and tear branches off trees. 

Air can be poured. — I will now show you that air can 
be poured from one vessel into another, and that though 
you cannot see air, you can see that it is present in a 
vessel. I have here a trough for collecting gases under 
water, called a Pneumatic trough . I fill the trough nearly 
full of water ; then I dip a wide-mouthed bottle in the 
trough, fill it with water, turn it upside down, and hold 
it in one hand, mouth under water, so that it remains full. 
Next I take a common bottle, filled with nothing but air, 
$od plunge it mouth downwards into the trough. The air 
cannot escape, and is now imprisoned in the bottle. Then 
I bring it under the open mouth of the other bottle, and 
cautiously slope it upwards, so that bubbles escape one by 
one, and rise through the mouth into the bottle above. As 
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the air passes in, the water passes out, and now our wide- 
mouthed bottle i$ half full of air. We have poured the 
air from one bottle into another, and kept it from mixing 
with the air outside. You see that when we #our air into a 
vessel filled with water, we always have to pour upward*. 
Why? Because air is less dense than water, and rises 
through it. 

The Pneumatic trough is very handy for collecting gases, 
and we shall make use of it in this very lesson. 

What is air made of ? That is a rather hard question, 
but still it is a question which can be answered, and I am 
going to try to help you to answer it to-day. 

What is a Gas ? — Air is an invisible gas. Why do we 
call it a gas ? Because it will not lie still in any place 
where it is put, but spreads out and mixes with any other 
gases which are close at hand. If I put a marble into an 
empty cup, it will rest there and keep its spherical shape. 
That is how solid things behave. If I pour water into an 
empty cup, it will lie at the bottom, but it will immediately 
take the shape of the inside of the cup. That is how 
liquids behave. If I pour coal-gas, or any other gas, into 
an empty cup, it will not stay there a minute, but will 
escape and mix with the air around. That is how gases 
behaVe. 

Some common Gases.— There are many different gases. 
Let us mention some. There is the coal-jpas which we 
bum for lighting rooms and streets. There is the strong- 
smelling gas which comes from a bottle of smelling-salts. 
There is another quite different gas, which bubbles up 
when a bottle of soda-water or lemonade is opened. Air 
is a gas, too, but it is not exactly like any of the rest, * 
Some Gases cannot be breathed.— What is the 
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difference between air and coal-gas, or smelling-salts gas, 
or soda-water gas? There is one difference of great 
practical importance^ You can breathe air ; but if you 
were to go into a room filled with coal-gas, you would turn 
dizzy and fall on the floor, and in a very short time you 
would die by poisoning. Smelling-salts gas would cause 
you great pain and choking, and even death, if you breathed 
much of it. Soda-water gas would sttlpefy you, and if you 
were fo go by yourself into a place that was filled with it, 
you would never come out alive. But pure air does not 
choke or stupefy us ; it is wholesome and necessary to 
life. 

Air necessary to burning.— Many things will bum in 
air. A candle burns bright as long as it has a good supply 
of fresh air, but goes out if the supply of air is stopped. 
We will put a short piece of candle in a saucer, light it, 
and then cover it with a wide-mouthed bottle turned upside 
down. Before long the flame gets smaller, and in a minute 
or two it goes out altogether. Coal will not burn without 
air. Even coal-gas, which takes fire so easily, must have 
a good supply of air, or it will not burn at all. 

The burning of Lead. — Have you ever watched a 
plumber melting Lead in an iron ladle over the fire ? I 
daresay you have noticed that a scum soon appears on the 
surface of the bright Lead, and that if the scum is cleared 
off, it begins to form again directly. You might go on 
skimming the Lead time after time till all the Lead was 
used up, and turned into a heap of dirty powder. This is 
the result of heating Lead very hot in air. We might call 
it burning the Lead, though no flame is produced. 

The burning of Oopper. — Other metals may be burnt 
in the same way. We will next take some bright Copper 
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turnings,* and put them into the middle of a piece of hard 
glass tube about six inches long and half an inch wide, 
open at both ends. Then we will clamp the tube in a 
gently sloping position to an upright stand, and put a 
flame under the middle, where the heap of Copper* lies. 
Before long the bright Copper turns black on the surface. 
If we were to heat it for two or three hours, all the Copper 



would be changed into black scale. But we need not wait 
for that. It is enough for you to see that if Copper is 
strongly heated in air, it burns like lead, and changes to a 
powder or scale. 

Copper heated in Coal-gas.— Woul^ Copper burn in 
the same way in any other gas ? Let us try whether it 
will bum to black scale in coal-gas. We will take the 
tube just as it is, with the blackened Copper inside, add a 
little bright Copper, and by means of a cork and a narrower 

* The turnings may perhaps be greasy. Wash them well with caustic 
soda, and afterwards with water, then allow them to dry. 
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tube passing through the cork, connect it with an india- 
rubber gas- pipe. I will pass a gentle stream o£ coal-gas 
through the tube, and to prevent accidents we will light 
the gas at thg open -end of the tube. Now I put a flame 
under the Copper as before. Let us watch it, and see 
whether the bright Copper blackens. Not at all ! The 
bright Copper remains bright, and in a few minutes the 
blackened Copper returns to its original red colour. 

This experiment shows us that strong heating in coal- 
gas does not blacken Copper, but restores it when blackened. 
The blackening of the Copper is not brought about by mere 
heating, but by heating in air , and perhaps in some other 
gases also which we have not tried. 

The experiment tells us something else. It tells us 
that the Copper did not go away altogether when heated in 
air ; it did not pass off as vapour, but remained in the tube, 
and now we have brought it back to something like its 
original appearance* 

The burning of Quicksilver. —Other metals besides 
Lead and Copper burn in air, and form substances which 
differ from the pure metal, though they contain it. The 
curious liquid metal, called Mercury or Quicksilver, burns 
to the beautiful red powder* which I have here. If this 
powder is heated in coal-gas, it turns to bright, liquid 
Quicksilver, just as the black Copper scale turned to red, 
metallic Copper. 

The Metals not destroyed by burning.— The red 

powder of Mercury can be made to give back the liquid 
metal by mere heating, even in air, though the Copper 
scale will not give back metallic Copper by heating in air. 
The metal is really there in both cases. The red powder 

* Mercuric Oxide. 
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contains Quicksilver; the black scale contains Copper. But 
they are united to something which they have got from 
the air, and the Copper is more firmly united than the 
Quicksilver. Mere heat will set the Quicksilver free, but if 
you want to set the Copper free, you must heat the Copper 
scale in a gas which contains none of the scale- forming sub- 
stance. We used coal-gas, and that was found to answer. 

Recovery of the Quicksilver.— Let us put a few grains 
of the red powder into a narrow glass tube closed at one 
end.* You will see directly that a short or wide tube 
would not do. Heat the powder in the tube over a Bunsen 
burner. Before long it darkens, and then wastes away. 
Now look at the upper part of the tube. It is lined with 
a grey film. Take a little roll of paper which will just fill 
the tube ; pass it into the end of the tube, and turn it 
round once or twice. The paper wipes up the Quicksilver, 
and gathers it together into drops. We have got back the 
true liquid metal by heating the red # powder, which was 
obtained in the first place by burning Quicksilver in air. 
How has this come about ? The heat of the flame separated 
the Quicksilver from the red powder, turned it into a gas 
or vapour of Quicksilver, and this passed up the tube. When 
it came to the cold part of the tube, it turned to liquid 
Quicksilver again, just as steam turns to water when it is 
cooled. If we had not used a long narrow tube, the vapour 
would have escaped before it became cooled. 

Have you ever seen steam turaetf into water ? It is 
very easy to show you this every-day occurrence. I have a 
kettle boiling briskly, and I hold a cold plate in the steam 

* The tube should be about four inches long and about a quarter of an 
inch wide. Such a tube may be made by sealing up one end of a bit of glass 
tubing. 
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which eomes out of the spout. In a moment the plate is 
covered with drops of water. Water, you see, can be a gas 
at one time and a liquid at another. Is it ever solid? 
Yes : loe is solid Water. 

The Bed towder consists of Quicksilver and some- 
thing else.— The red powder of Quicksilver, when heated, 
gives off a gas which runs to drops of Quicksilver as soon 
as it is cooled again. Does it give off anything else ? 
I think I can show you that it does, that it gives off 
a second gas, which is not Quicksilver-gas, and is not 
common air. This will require a little preparation. How 
can we collect the gas, and examine it? We must be 
careful not to let it mix with the air around, for we should 
never be able to separate it again. You remember the 
Pneumatic trough, which we used to pour air from one 
vessel into another? That will do. 

The Gas collected. — Now I will put some more red 
powder of Quicksilver into a test-tube fitted with a cork, 
through which a bent tube passes. I will dip the end of 
the bent tube into the water, and have ready a second test- 
tube filled with water, and held mouth downwards on 
the beehive shelf inside the trough. That is meant to 
receive the gas. Next I will heat the red powder as before. 
Bubbles are immediately given off, but these are nothing 
but air expanded by heat. (See Lesson XVII.) After 
a minute or so bubbles begin to come off more freely, and 
now we will collect these in the inverted test-tube. When 
the bubbles begin to slacken I remove the hot tube, and 
lay it aside. , « 

Properties of the Gas Oxygen.— The gas which we 
have collected has no colour. Is it common air? Let 
us see whether a light will burn in it ? I place my thumb 
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over the mouth of the tube, and remove it from the water. 
Then I put a glowing match (not flaming but just blown 
out) into the tube. See how it bursts into flame ! Things 
which burn gently in air burn brilliantly in this gas. This 
cannot be common air ! But it is contained in common 
air. It is called Oxygen Gas . The Quicksilver got this 
Oxygen from the air, and united with it to form a red 



Fig. 116. — Gas obtained by heating Red Powder of Quicksilver. 

powder. The Copper got Oxygen from the air, and united 
with it to form black scale. The Lead got Oxygen from 
the air, and united with it to form' a yellow scum. 

The Oxygen is the part of the air which helps things 
to burn. If air consisted of nothing but Oxygen, fires and 
flames of all kinds would burn ten tifnes as fiercely as they 
do. The Oxygen of the air is evidently mixed with some 
other gas which checks burning, and makes it go on at a 
moderate rate. Can we get some of this other gas ? If 
we could remove all the Oxygen from common air, perhaps 
we might leave the other gas behind, and collect it, and 
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examine its properties. But how can we remove all the 
Oxygen from common air ? Lead, Copper, or Quicksilver 
would do it for us, if strongly heated, but there is an 
easier way stiy. We will take a substance which burns 
very easily, and burns out very completely so long as there 
is any Oxygen left. This substance is Phosphorus. I 



Fig. 117. — Phosphorus burnt in Air. 


must warn you that Phosphorus is a dangerous substance 
to handle, just because it takes fire so easily. It must be 
kept under water, and cut under water, and never touched 
with the fingers. 

The burning of Phosphorus.— We will first place a 
small bit of Phosphorus, about half as big as a coffee bean, 
in a small cup or crucible, standing on a common plate. I 
will light the Phosphorus with a warm wire, and then 
Cover it up with a large, dry, wide-mouthed bottle. The, 
Phosphorus burns very readily, and as it burns thick white 
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fumes ate given off. They v^ill slowly settle down, and 
form a sort of white snow within the jar. This white 
snow answers to the yellowish powder formed when Lead 
burns, to the black scale formed when Copper burns, and to 
the red powder formed when Quicksilver burns. Try the 
effect of water upon it. It dissolves in water like sugar. 

What is left when all the Oxygen is removed from 
Air. — Now we will burn out all the Oxygen from the air 
imprisoned in a bottle, and see what is left behind. I 
take a jar open both at top and bottom. The lower end 
must be placed in water on the shelf of the Pneumatic 
trough. The upper opening forms a neck, which can 
be quickly and perfectly closed by a glass stopper. We 
will smear the stopper with tallow, to prevent any of the 
air or gases from escaping. Now I float a little cup con- 
taining a small bit of Phosphorus on the top of the water 
inside the jar, and lower a hot wire from above. In per- 
forming this experiment, do not forget that the air will be 
expanded by the heat of burning, and will escape from the 
jar unless precautions are taken. Lower the jar into water 
with the stopper out, so that the water stands at the same 
level inside and out, and take care that the water is deep 
enough to give a margin for expansion. As soon as the 
Phosphorus takes fire, I withdraw the wire, and press 
down the stopper, so as to seal up the jar instantly. The 
Phosphorus blazes up, then slackens, and finally dies out. 
The jar is filled with white fumes. 

Do you notice that while the Phosphorus was burning, 
the water rose in the jar, and now fills about a fifth part 
of the space which the air occupied ? About a fifth part of 
the air has been removed by the burning Phosphorus, and 
that is the Oxygen which it contained. What is left? A 
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colourlefes gas. We may suspect that this gas will not burn, 
or help Phosphorus to burn. If it could have done either, 
it would have disappeared with the Oxygen. But we will 
lower a lighted candle into it, first arranging that the level 
of water is the same inside and outside/ I remove the 
stopper for a moment, and lower a candle end by means 
of a wire into the jar. The flame goes out instantly as if 
it had been plunged into water. The new gas will not 
support a flame. We call it Nitrogen. 

Air composed of Oxygen and Nitrogen. —Air is made 
up of about one measure of Oxygen to four measures of 
Nitrogen. It is the Oxygen which enables fires and candles to 
burn, which forms a scum, or rust, or scale, or powder, upon 
bright metals. It is the Oxygen which is useful to us for 
breathing. The Nitrogen has no strongly marked proper- 
ties. It will not burn ; it will not support flame ; it does 
not readily unite with metals. It serves to dilute the 
Oxygen and weaken its effects. If your tea is too strong, 
you add water to dilute it, and make it milder. Nitrogen 
dilutes the Oxygen of the air, as water dilutes strong tea. 

Oxides. — Various metals, as we have seen, unite with 
the Oxygen of the air, and form compounds which are 
called Oxides. What is the Oxide of Lead ? Of Copper ? 
Of Quicksilver ? 

Where did these metals get their Oxygen to form 
Oxides ? From the air. How can the Oxygen be separated 
from the metals again ? Sometimes, but not always, by 
heat. 

When anything burns in air, it unites vWth the Oxygen 

* Bring the water to the same level inside and outside the jar before 
talcing out the stopper. Otherwise, air will rush in andj mi* with the gas 
inside. 
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of the air, and all such burning lessens the quantity of 
Oxygen. If there is only a little air shut up in a small 
space the Oxygen will soon be used up by burning. 
Hardly anything will be left but Nitrogen, #nd the flame 
will go out. 

Fumes of Phosphorus dissolve in Water. — One thing 
still remains to be done. By this time the white fumes 
have disappeared. There is no snow lying on the water, as 
there was on the plate in the previous experiment. It has 
dissolved in the water, but I can show you that it is still 
there. 

The Fumes make the Water Acid.— Here are three 
glass beakers, two of which contain pure water ; the third 
is empty. I pour into this last some of the water over 
which the Phosphorus was burnt. Into the second beaker 
I pour a few drops of vinegar. The first beaker I leave 
just as it is, filled with pure water. 

Here is a bottle full of dark blue fluid. It is a solution 
of Litmm , obtained from a certain kind of plant. I pour 
a few drops of the litmus into the first beaker, which is full 
of pure water, and stir it up with a clean glass rod. The 
water is tinged with a pale blue colour. Then I pour two 
or three drops into the second beaker, which contains a 
little vinegar, and stir as before. The blue colour changes 
to red. All common acids produce the same effect, so that 
we call this a test for acids . Iiyou want to know whether 
a fluid is acid or not, put a little into a solution of litmus> 
or pour the litmus into the fluid. If the litmus turns red, 
the fluid is acid. Now we will try the third beaker, which 
holds some of the water over which the Phosphorus was 
burnt. I add some litmus to it, and stir gently. The blue 
changes to red. This is proof that when Phosphorus unites 
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with Oxygen in burning it produces an acid substance. 
You remember that this substance at first makes white 
fumes, and in a dry jar the fumes settle down like snow. 
They easily dissolve in water, and make the water acid. 

Summary. — What have we learnt about Air and 
burning in Air ? The chief points are these : — 

1 . Many things burn in Air. When they do so, they 
unite with the Oxygen of the Air, and form Oxides. 

2. The original substance can sometimes be recovered 
by heating the Oxide in a gas which contains no Oxygen. 
How can you recover Copper from the Oxide of Copper ? 

3. Oxygen is a gas contained in common Air, of which 
it forms about a fifth part by measure. The rest of the 
Air consists almost entirely of Nitrogen. 

4. It is the Oxygen which helps things to bum. The 
Nitrogen weakens the effect of the Oxygen. 


LESSON XIX. 

CARBON AND CARBON DIOXIDE. 

Wanted : — A few of the commonest appliances of a, school 
laboratory . 

This Lesson will require about two hours . It will be 
found convenient to divide it into two parts > beginning the 
second part with a short recapitulation of what has already 
been gone over . 

Wood turned to Charcoal. — I have here a small iron 
pot — the outer part of a glue-pot, as it happens. I fill it 
with sand, and plunge a bit of stick (a short piece of a 
pen-holder) into the sand until it is quite buried. 
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1 mean to change the stick of wood into a stick of Charcoal 
by heating it. What is the sand for ? My next experiment 
will answer that question. Now all is ready. I put the 
pot, with the sand and stick inside, over a Efeunsen burner, 
which is a hot and smokeless gas-flame. Now the pot has 
become hot — so hot that I cannot touch it with my fingers. 
The sand begins to smoke, and there is a smell of burning 
wood. After a while the smoke ceases to come off. That 
is a sign that our experiment is ended. I empty the iron 
pot over a sheet of iron plate, and now we see a black stick 
in the midst of the sand. That is a stick of Charcoal or 
Carbon . Why need we have a second name? Would not 
Charcoal be enough ? Because all Carbon does not look 
like this, and all Carbon is not made in the same way. A 
piece of cinder is nearly pure Carbon, but it is not Charcoal. 
Soot is nearly pure Carbon, but it is not Charcoal. It has 
been proved that Charcoal, and Cinder, and Soot consist 
almost entirely of one kind of stuff, which is named Carbon. 
Black Lead and Diamonds are also made of pure Carbon. 

The Effect of heating Charcoal in Air.— I break the 
little stick of Charcoal into two, and put half of it in this 
iron spoon. Then I hold the bowl of the spoon over the 
Bunsen burner. I have fastened a stick to the handle of 
the spoon with a piece of wire, to prevent the hot iron from 
burning my fingers. The spoon soon gets hot and the 
Charcoal begins to glow, hjpw it is getting smaller. It 
wastes away, and leaves nothing behind but a little white 
ash. What has become of the Charcoal? The next ex- 
periment will show us. Now you will see, I think, why 
we put sand into our iron pot When the Charcoal was 
surrounded by sand, it did not waste, though it was made 
very hot. When the sand is taken away, the Charcoal 
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wastes as soon as it becomes very hot, I heaped sand 
round the stick in the first experiment because I wanted to 
save the Charcoal by keeping the air from it. 

The Gas ^formed by heating Charcoal in Air.— What 
happens when the Charcoal wastes ? A gas is formed 
which possesses some peculiar properties. Let us put a 
bit of . Charcoal into a glass tube, and heat it till it begins 
to glow. It soon wastes, and nothing remains but an 
almost invisible white ash. Now I light a match, and pass 
the lighted end into the same tube. It goes out at once, 
almost as suddenly as if it had been plunged into water. 
I light another match, and pass it in the same way into 
a second tube, which has had no Charcoal heated in it. 
The match remains alight for a short time. Thus we learn 
that when Charcoal wastes, a gas is formed which extin- 
guishes flame* Common air, as we see, does not extinguish 
flame. 

Charcoal-gas (Carbon Dioxide) turns Lime-water 
milky. — Charcoal-gas has another property which dis- 
tinguishes it from common air. I take a glass test-tube, 
and connect it with a bent glass tube by means of a cork 
through which a hole has been drilled. The cork fits 
tightly both to the tube outside and to the tube inside. 
No gas or air can leave the test-tube except through the 
bent glass tube. Now I heat the test-tube over the flame, 
and at the same time plunge the end of the bent tube 
beneath the surface of the water in this glass beaker. The 
water is not exactly common water; it has some Lime 
dissolved in it, and is called Lime-water . The air bubbles up 
through the Lime-water, but causes no visible change in it. 
Thus we find that common air driven out from a tube by 
heat, and made to bubble up through Lime-water, does not 
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alter the appearance of the Lime-water. Now let us try 
our Charcoal-gas. I fit up the experiment as before, except 
that I first fill the test-tube with Charcoal-gas. You know 
how this is done. We must put a bit of (Jharooal in the 
tube, and heat it till it glows. The gas is now seen to 
bubble through the Lime-water, and as it does so the clear 
Lime-water turns milky. Charcoal-gas therefore turns Lime- 
water milky, and it may be recognised by this property. 

An easier way of making Charcoal-gas (Carbon 
Dioxide). — Charcoal-gas (which chemists are accustomed 
to call Carbon Dioxide) may be extracted from Chalk, and 
this is an easier way than by heating Charcoal in a test- 
tube. I take another test-tube, and put a little Chalk in 
the bottom of it. Then I pour a little acid * mixed with 
water upon the Chalk. A crowd of very small bubbles of 
gas appears on the Chalk. The gas rises through the fluid, 
and fills the tube. I put a lighted match into the tube, 
and it goes out. I fit a cork and bent tube to the same 
test-tube, and plunge the end of the bent tube into Lime- 
water. It is not necessary this time to heat the test-tube, 
for the gas bubbles up at once through the Lime-water, 
and turns it milky. Charcoal-gas, or Carbon Dioxide, is 
therefore produced by pouring hydrochloric acid upon Chalk. 
We have not proved whether the Carbon Dioxide comes 
from the Chalk or from the hydrochloric acid, but the 
point can be settled by taking a little trouble. 

Carbon Dioxide obtained by heating Chalk.— I put 
some Chalk into this small iron bottlef which has a metal 

* Hydrochloric acid is suitable. 

t A piece of glass oorabustion-tubing fitted with a bent glass tube will 
do, if a suitable iron bottle is not at band. Do not forget to remove the tube 
from the waiter before the bottle or tube begins to cool. There will be an 
explosion if water is allowed to run up the tube. 
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pipe attached* Then I clamp it to a stand, and play upon 
it with the flame of a large Fletcher blow-pipe. When 
the iron bottle is white hot, I lift the beaker of Lime- 
water to the pozzle of the metal pipe, and let the gas 
bubble through the Lime-water. It turns the Lime-water 
milky. I let some of the gas stream into a test-tube, and 
find that it extinguishes a lighted match. We see then 
that the Chalk contains Carbon Dioxide. All the Carbon 
Dioxide we got by pouring acid upon Chalk came from the 
Chalk. 

Carbon Dioxide in Water is Acid. — I will next show 
you the result of making some Carbon Dioxide bubble up 
through litmus- water. We will extract the Carbon Dioxide 
from Chalk by acid, as in the last experiment but one. 
When the gas bubbles up through the blue litmus solution, 
the blue colour changes to red, and you recollect that this is 
a proof that the solution of Carbon Dioxide in water is 
acid. This is why Carbon Dioxide is often called Carbonic 
Acid , or Carbonic Acid Gas. 

Blowing through Lime-water turns it milky.— Our 

next experiment is a very simple one. I take a beaker full 
of Lime-water, and blow through a glass tube into the 
beaker, making the air from my lungs bubble up through 
the Lime-water. The Lime-water at once begins to turn 
milky. What does this show? That there is plenty of 
Carbon Dioxide in my breath. 

Lime-water exposed to the Air turns milky.— I 
take another beaker of Lime-water, and leave it on the 
table. We shall find to-morrow that there is a thin film 
on the top of the Lime-water. After a few days the Lime- 
water will be quite milky. What does this show ? That 
there is a very little Carbon Dioxide in common air. 
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Now let us ask another question. Why does Lime- 
water turn milky when Carbon Dioxide is mixed with it ? 
To answer this question, we must try to find out what 
change has taken place in the Lime-water, and what is the 
substance which has formed in it and made it milky. 
What is Lime-water made of ? You say, Lime and water — 
Lime dissolved in water. That is quite right. What is 
milky Lime-water made of ? We must evaporate or dry 
up the water, and see what is left. This is a tedious 
business, and we cannot stop to see it done. When all the 
water is got rid of by gentle warming, a white powder will 
remain in the vessel. This powder is not Lime, but Chalk. 
How can we be certain that it is Chalk, and not Lime ? 
Both are white powders, very much alike at first sight. 
Yes, but Chalk, as we have seen, effervesces , or bubbles up, 
when acid is poured upon it. Lime does no such thing. 
If you pour acid upon the sediment of milky Lime-water, 
it will effervesce and give off plenty of Carbon Dioxide. 

Lime-water turns milky when Carbon Dioxide passes 
into it, because the Lime and the Carbon Dioxide combine 
to form Chalk, and the Chalk is almost incapable of dis- 
solving in water. We should require a great deal of water 
to dissolve a single tea-spoonful' of Chalk. The white 
Chalk becomes visible, and turns the water milky, simply 
because it is insoluble in water. 

Now I will put you tlTrough a few questions to see that 
you understand what has been said. What is Chalk ? It 
is k compound of Lime and Carbon Dioxide. How do we 
know that ? Because when we heat Chalk very much, 
Carbon Dioxide is driven off, and Lime is left behind. If 
this Lime is dissolved in "water, it makes Lime-water, and this 
turns milky again and forms Chalk, as soon as Carbon Dioxide 
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is added to it. Then Lime and Carbon Dioxide together 
make Chalk. Take away the Carbon Dioxide from Chalk, 
and you get Lime. Make Lime unite with Carbon Dioxide, 
and we get — uihat ? Chalk, of course. Can you tell me a 
second way of separating Carbon Dioxide from Chalk ? I 
have just reminded you that heating the Chalk is one way 
— what is the other? Yes, I see that you know. Pouring 
acid on the Chalk is the other way. „ 

Carbon Dioxide consists of Carbon and something else. 
What else ? Something which is contained in common air, 
for Carbon Dioxide can always be got by burning Carbon 
in air. Now air consists of Oxygen and Nitrogen. Which 
of these two gases unites with the Carbon to form Carbon 
Dioxide ? It is not likely to be the Nitrogen, for that is 
very slow to unite with Carbon, if it does so at all. We 
have seen that Carbon and even Phosphorus will not bum 
in Nitrogen. (See Lesson XVIII.) But Carbon burns 
in Oxygen with great ease. I will show you the dif- 
ference. 

Carbon heated in Nitrogen will not bum.— Here is 
a jar which I have filled beforehand with Nitrogen. I will 
bring some Carbon into the tube, and heat it there. We 
can do this by lighting a splinter of wood and passing it 
alight into the tube. It goes out immediately, and there 
is no sign of combination or union between the Carbon and 
the Nitrogen. In fact, they cannot be made to unite — at 
least, by any means which we can make use of here. 

Carbon heated in Oxygen bums brilliantly,— Now 
we will try the effect of heating Carbon in*Oxygen. Here 
is a second jar, which I have filled beforehand with 
Oxygen. I light the splinter of wood once more, blow 
out the flame, and pass the glowing end into the jar. It 
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bursts afresh into flame, and burns with a brilliant light, 
As soon as the Charcoal ceases to glow, I remove the 
splinter, and close the jar with a stopper. 

You will now have no doubt that when Carbon burns 
in air, it unites with the Oxygen of the air, and not with 
the Nitrogen. But we will prove the point more completely 
still. 

Carbon burnt in Oxygen forms Carbon Dioxide.— 

When Carbon burns in air, Carbon Dioxide is produced. 
If we burn Carbon in Oxygen, shall we form Carbon 
Dioxide ? If we do, we shall know that burning in air is 
simply burning in dilute Oxygen. I take the jar in which 
we have just burnt the piece of Charcoal, and pour Lime- 
water into it. The Lime-water turns milky when shaken 
up. This shows us that burning in air is really burning in 
dilute Oxygen. The substance formed is the same in both 
cases — that is, Carbon Dioxide. The burning of Carbon in 
air or Oxygen means the union of Carbon with Oxygen to 
form Carbon Dioxide. 

The Carbon in Carbon Dioxide made visible.— Can 

we get back the Carbon which is contained in Carbon 
Dioxide, so as to see it ? Yes, we can. To do this, we 
must put into Carbon Dioxide some substance which unites 
with Oxygen more eagerly than Carbon does. Perhaps we 
may find a substance which will take all the Oxygen to 
itself, and leave the CarSbn behind. 

This bright silvery metal, Magnesium, shows a great 
readiness to unite with Oxygen. I heat the end of this 
bit of Magnesium ribbon, and it burns with a brilliant 
light, leaving behind a white powder, which is an Oxide 
of Magnesium —that is, a compound of Magnesium and 
Oxygen. If we can persuade Magnesium to bum in 



0 AMBON AND GAMBON DIOXIDE . 221 

Carbon Dioxide, we may possibly remove the Oxygen from 
the gas, and leave the Carbon behind. 

I have here a glass jar, filled beforehand with Carbon 
Dioxide. I li^ht a bit of Magnesium ribbon, place it in 
the jar, and close it up at once. The Magnesium goes on 
burning. Now it is burnt out. What is left behind ? A 
grey powder, which floats in the air, and slowly settles to 
the bottom. We will wait till the jar is quite clear. Now 
look into the jar. There is a quantity of white powder 
lying at the bottom. That is the Magnesia or Oxide of 
Magnesium. On the top of the Magnesia is a thin film of 
a black sooty substance. That is the solid Carbon recovered 
from the Carbon Dioxide. The Magnesium has taken 
away the Oxygen, and left the Carbon behind. Why does 
the Carbon lie on the top of the Magnesia ? Because it is 
less dense, and settles down more slowly after all, or nearly 
all, the Magnesia has come to rest at the bottom of the jar. 
I will next remove all the sediment from the jar, and place 
it in a saucer containing some dilute Hydrochloric Acid. 
The Magnesia dissolves at once, and leaves all the particles 
of Carbon floating in the saucer. 

Summary. — Let us now turn back for a moment, and 
see what our experiments have taught us. We have 
learnt : — 

1. That a stick of wood contains a good deal of Carbon. 

2. That Charcoal wastes when strongly heated in air, 

and forms a gas, known as Carbon Dioxide, which puts out 
a flame, and reddens Litmus-water, and turns Lime-water 
milky. • 

8. That Carbon Dioxide may also be prepared by 
pouring acid upon Chalk, or by heating the Chalk very 
much. 
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4 That there is much Carbon Dioxide in our breath, 
and a very little in common air. 

5. That Lime and Carbon Dioxide united together 

make Chalk. f 

6. That Carbon Dioxide consists of Carbon combined 
with Oxygen. 


LESSON XX. 

THE COMPOSITION OF WATER. 

This Lesson will require about two hours . It will be found 
convenient to divide it into two parts, beginning the 
second part with a recapitulation of what has already 
been gone over . 

Is Water an Element or a Compound ?— Water was 
for a long time thought to be an Element — what the old 
philosophers called a Simple. It was supposed to be made 
of one kind of stuff only, and people believed that by no 
contrivance could it be broken up into anything else. They 
had seen Water freeze, and afterwards run back to Water 
again ; they had seen Water turned to steam, and afterwards 
condensed into Water again; and it seemed to them that 
Water was Water, and could never be split up into simpler 
substances. I will now^show you one way of proving that 
Water is really a compound, made of other and simpler 
substances. . 

Sodium burnt. — Here is a piece of a rather uncommon 
metal, called Sodium. You may see that it is a metal from 
its appearance when freshly cut. It is easily cut with a 
knife, because it is soft : softer than lead. Notice that it 
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only remains bright for a moment or two* Take a piece 
of Sodium about the size of a coffee-bean, and heat it 
strongly in an iron spoon. When it gets hot enough, you 
will notice tha£ it bums with a beautiful yellow light. It 
does not all disappear, but there is left a whitish substance. 
You will remember that Lead and Copper can' be burnt too, 
but Sodium burns more easily than either of these. When 
the spoon has cooled, dip it into a basin of water. The 
white substance dissolves in the water. Then add a few 
drops of red litmus solution. t This is a vegetable colour 
reddened by acid. You see that it is turned blue by the 
liquid in the basin. 

Sodium floats on Water, and soon disappears in 

it. — Now fill another basin with water, and drop upon 
the surface of the water a smaller piece of Sodium than 
that taken in the last experiment. You see that the metal 
is so light as to float on water ; it fizzes and moves about, 
and is evidently being acted upon by the water. After a 
time it has entirely disappeared. What has become of it ? 
Add a few drops of red litmus solution to the basin, and 
you see the same effect as before. The Sodium or the burnt 
Sodium is evidently dissolved in the water. 

A Flame produced by Sodium and Water. —Let 
us now try the experiment in a slightly different way. 
Take a basin of water, and place on the surface a piece 
of blotting-paper. It will float, and soon get soaked 
through with water. Now drop a piece of Sodium on the 

* In all experiments with Sodium great care must be taken to keep the 
bottle clearly labelled, and within reach of the teacher only. Quite small 
pieces, scraped clean, should be used. It is also particularly important that 
when it is plaoed in water the pupils should not stand too near, as there is a 
tendency for the molten caustic soda produced to fly, 

f Made by adding the smallest possible quantity of aoid to a solution of 
litmus. 
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blotting-paper. The Sodium fizzes as before, but Hie 
blotting-paper prevents it from moving about. You see 
the result. A flame is produced, like the yellow flame which 
the Sodium gave when it was heated in air. t But it is not 
the metal that is burning this time; it is something that 
is escaping from the water. To show this we must tiy the 
experiment in still another way. 

Why does the Sodium produce a flame when floated on 
blotting-paper, *md not when it floats on water? The 
water acts upon the Sodium, and heat is produced. If the 
Sodium is kept still, the heat increases till a flame appears ; 
but if the Sodium darts to and fro, it always meets fresh 
quantities of cold water, and never gets hot enough to make 
a flame. 

A Gas produced by the action of Sodium upon 
Water.— Fill a large test-tube (a “ boiling-tube or a 
wide-mouthed bottle, with water, and invert it in a basin 
of water, as if you were about to collect a gas. Then take 
a small piece of Sodium, and, holding it between the finger 
and thumb, bring it quickly under water, and let it slip up 
inside the inverted tube or bottle.* You see now what the 
fizzing meant. The tube is fast filling with a gas, and 
this gas is produced by the action of the Sodium on the 
water. It increases in quantity so long as any Sodium 
remains. Let us now see what this gas is. You do not 
know many gases yet, b»t you know Air, Oxygen, Nitrogen, 
Carbon Dioxide, and Coal-gas. We can easily tell if it is 
one of these by applying a flame. Think for a minute 
what will happen to a flame if put into each of these gases 
one by one. 

* The experiment may be easily and safely made, but no time must be 
lost, as the Sodium soon heats when pl&oed in water. 
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The Gas burns when lighted. It is Hydrogen.— 

Let us apply the flame, and thrust it well into the 
bottle. You see that it does not merely go out, as it would 
in Carbon Dioxide or Nitrogen, but though the flame itself 
goes out, the gas catches fire and burns. And yet it does 
not burn like Coal-gas. The flame is yellowish, like the 
flame we got from the Sodium on the blotting-paper ; but 
it is paler than a Coal-gas flame, and the gas does not smell 
of Coal-gas. This is another gas, different from all those 
named above ; it is called Hydrogen. Hydrogen, then, is 
a colourless gas, obtained from water, and it possesses the 
power of burning in air. What is 
formed when Hydrogen burns in 
air ? 

Another way of preparing 
Hydrogen. — In order to find out 
what is formed when Hydrogen 
burns, and in order to have 
enough gas for further experi- 
ments, we must have a handier 
way of preparing it. We can 
prepare Hydrogen by pouring 
Sulphuric Acid diluted with water 
upon zinc in a bottle. An appa- 
ratus like that in the figure will 
do very well. The flask a contains Zinc clippings and 
water. The smaller flask b is half filled with strong 
Sulphuric Acid, which has the power of absorbing water 
eagerly. In order to produce the Hydrogen, $ome Sulphuric 
Acid is poured down the funnel o from time to time. The 
gas is soon given off abundantly, and passes through the 
Sulphuric Acid in A, which removes any moisture it may 
o 



Fig. 1 1 8 . — Preparation op 
Hydrogen. 
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contain. The gas issues dry at d. The gas must on no 
account be lighted at d until all the air has been driven off 
by the Hydrogen.* 

Hydrogen burns in Air and forms Water.— When 
this has been done, light the gas at d, and bring over it a 
large bell-jar. The flame of the dry Hydrogen is here paler 
than that of the Hydrogen prepared by Sodium. In fact, 
the yellowness then seen was partly due to Sodium burning 
along with the Hydrogen. We have seen that Sodium 
burns in air with a yellow flame. Notice now that the 
outside of the bell- jar becomes dim. Draw your finger 
along it. You see that it is really moist. Where does 
this moisture come from ? Not from the Hydrogen only, 
because you have dried the gas by means of Sulphuric Acid. 
Not from the Air only, because warming the air would 
make it take up more water rather than throw it down. 
And surely it does not come from the glass, which was 
clear and dry to begin with. The Water has been produced 
by burning the Hydrogen. It seems that Hydrogen is one 
of the things of which Water is made up. For Hydrogen 
can be got from Water by means of Sodium, and now we 
find that when Hydrogen burns in air, Water is formed. 
What else does Water contain? What does the Sodium 
take from the Water when Hydrogen is set free? and what 

does the Hydrogen unite with when it burns and forms 

v 

* This precaution cannot be too rigorously enforced. In order to be sure 
that it is safe to light the gas, a small test-tube must be held almost verticaUy, 
mouth downwards, so that the end of d just passes into it. After holding in 
that position for two or three minutes, the thumb must be slipped over the 
mouth of the test-tube which is brought mouth downwards to a flame. If on 
removing the thumb the gas bums quietly, it is safe to apply a light at d. 
But if the gas “pope,” with a small explosion, it shows that the air is not 
expelled, and that it is unsafe to apply a match to d. The gas, must be 
tested in this way on, all occasions. 
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Water ? Since the Hydrogen bums in air, and, as you may 
easily prove, does not burn unless air is continually supplied, 
we conclude that it unites with something which is con- 
tained in air aa well as m water. You will easily be able 
to tell me what that is. What does Air chiefly consist of ? 
Oxygen and Nitrogen. Which of these have we found to 



Fig. 119 . — Water obtained by heating Goiter Scale in 
Hydrogen. 


be helpful in burning operations ? Oxygen. Then it is 
probably Oxygen with which Hydrogen unites to form 
water, when it burns in air. We will prove this by an 
experiment. 

Hydrogen and Oxygen made to combine. —Take the 
tube used in the Lesson on Air and burning in Air to hold 
the Copper turnings, and fill it nearly full black Copper 
scale {which can be bought under the name of Copper 
Oxide). Connect one end by means of a piece of india- 
rubber tube with the Hydrogen apparatus used in the last 
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experiment. To the other end o£ the tube containing the 
Copper scale, fit a bit of bent glass tube by means of a 
cork, and let this tube dip into a narrow test-tube, which 
is kept cool -by a vessel of water. We are«>now going to 
pass Hydrogen over Copper scale. We know that Copper 
scale is composed of Copper and Oxygen, and we are going 
to see if the Hydrogen will rob the Copper scale of its 
Oxygen, and form water with it. Now set the Hydrogen 
apparatus going by adding some Sulphuric Acid. When 
all the air has been removed, begin to warm the Copper 
scale by heating the tube with a Bunsen burner. Soon 
you will see a change. The blackness of the scale gives 
place to the red colour of Copper, and this happens 
whenever the tube is heated. When you have carried on 
the experiment for some time, look at the test-tube, into 
which the outlet-tube dips. Is there anything in it ? Yes, 
certainly, there are some drops of water. How have they 
come there? They have been formed partly from the 
Hydrogen and partly from the Copper scale. Prom what 
part of the Copper scale ? From the Oxygen, of course. 
Here then we have a very good proof that water is made 
of the two gases, Hydrogen and Oxygen. We can now un- 
derstand how Sodium acts on water. It unites with the 
Oxygen, and so the Hydrogen is set free. What does the 
Sodium form with the Oxygen ? Sodium Oxide. You 
cannot see the So&ium Oxide, because it dissolves in the 
water, but you know that it is there by the litmus test. It 
was solid Sodium Oxide which you got when you burnt the 
metal in air. You saw then how easily it dissolves in 
water, giving a liquid which turns red litmus blue again. 

Some kinds of Water are Soft, others Hard.— You- 
have learnt that water is composed of Hydrogen and 
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Oxygen , but I must now tell you that this is only true of 
pure water. You know that salt water contains something 
else, and I daresay you have heard of “ soft ” water and 
u hard ” wate^ Perhaps you have noticed the difference 
yourselves, for they differ a little in taste, and differ very 
much when you try to wash with them. It is not easy to 
get a lather with hard water, and after you have used soap 
in it, there is always a scum floating at the surface. 

When Tap-water is warmed, Bubbles appear.— Put 
about half a pint of tap-water into a glass basin (a clock 
glass), and put it on the top of a pan of boiling water, so 
that it may get heated by the steam.* It will not boil, 
but it will slowly disappear and form steam. We do not 
want it to boil, because then it would spirt, and we should 
lose some. This experiment will take time, but I only 
want you to notice the beginning and the end. A minute 
or two after you have set the basin on the pan, you will 
ftotice a great number of little bubbles sticking to the 
glass, which were not there at first. What are they? 
Not steam, because the water is not boiling ; you can 
easily bear a finger in it at present : it is hardly warm. 
They are bubbles of air. Before we heated the water the 
air was dissolved , but now it appears again in the form of 
bubbles. It has been found that such bubbles contain 
more Oxygen than air : in fact about one-third of it, instead 
of one- fifth, is Oxygen. This is easy to explain, because 
Oxygen dissolves more easily in water than Nitrogen does, 
so that the water does not take a fair share of each from 
the air. * 

* The glass basin must not be allowed to prevent the escape of steam from 
the pan. A wedge of paper placed between the glass and the edge of the pan 
will allow free passage to the steam. 
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The Importance of dissolved Air to Animals which 
live in Water. — This dissolved air is of great importance 
to some of the animals which live in water. Fishes, for 
instance, live in water, and Fishes need air. They open 
their mouths from time to time, and take a gulp of water, 
passing it out through the gill-slits behind their heads. 
"Whilst the water is passing through the gill-slits, the 
blood of the Fish absorbs the Oxygen, just as your blood 
absorbs Oxygen in your lungs. Water does not contain 
much air. A thousand pints of water can only dissolve 
about eighteen pints of air, but fortunately for the Fish, 
Oxygen is more soluble in water than Nitrogen, and the 
eighteen pints of air in water are as good as thirty of 
ordinary air. You will understand now why Gold-fish 
cannot live in a bowl of water, however well they may be 
fed, unless the water is changed occasionally. The Oxygen 
gets used up, and you might as well hope to live in an air- 
tight box as expect Gold-fish to live continually in the 
same water. 

Distilling of Water.— Dissolve a teaspoonful of salt in 
half a pint of water ; keep a little of it, and put the rest into 
a glass retort by means of a glass funnel. Be careful not 
to wet the upper part of the retort. Now fit the neck of 
the retort into a tall thin flask, and let a stream of cold 
water flow over the flask. Boil the salt water in the retort. 
The steam passes into the flask, which cools it and con- 
denses it — that is, turns it into water again. Perhaps a 
little steam will escape, but that doesn't matter. This 
operation is called distillation . You are distilling water — 
that is, turning it into steam, passing the steam into another 
vessel, and turning it into water again by cooling it. When 
yon have distilled about three-quarters of the water, 
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withdraw the flame, and pour the liquid from the retort into 
one glass basin, and that from the flask into another. Now 
taste the water from the flask, then some of the salt water 
you began with, and lastly that from the retort. What do 
you find ? Tfie distilled water is tasteless ; that from the 



Fig. 120.— Distillation of Water, 


retort is very salt — much more so than the salt water you 
began with. Boiling, then, has not removed any salt ; it 
has only removed some of the water, and the remaining 
portion is salter than ever, because you hav§ so much less 
water to the same quantity of salt. When solids are 
dissolved in water, they are generally left behind on boiling, 
and the steam which escapes may be cooled so as to give 
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pure water. You can now see how to get fresh water 
on board ship. All you have to do is to distil sea- 
water. 

Distilled Water contains no Air at £rst — Take a 
better taste of the distilled water which you have prepared. 
Is it not flat and unpleasant? You would not like *x> 
drink this pure water instead of that from the tap. It 
tastes flat chiefly because the air has been driven out of it. 
It has been condensed from steam, and durng the boiling 
which produced the steam, all the air was driven off. But 
if you were to shake up the distilled water with air, or, 
better still, if you were to let it fall in a fine shower through 
the air, it would dissolve some air again, and would then 
be quite pleasant to drink. 

Solids in Spring-water. — Spring- water generally con- 
tains some solid substances dissolved in it. The springs 
are fed by rain, which falls upon the surface of the ground, 
and sinks into it or flows over it, gradually collecting to 
form a spring or a little brook. If there is anything in 
the rocks or earth which the water can get at, and dissolve 
away, we shall find some of it in the water drawn from the 
spring. 

Chalk dissolved in Water by the help of Carbon 
Dioxide. — Chalk is one of the solids often found in spring- 
water. Chalk does not dissolve in perfectly pure water, 
but it will dissolve to a small extent in water which contains 
Carbon Dioxide. I should like you to see this for your- 
selves. Make some Carbon Dioxide as we have taught you 
to do, and let it bubble through Lime-water till it is 
milky. You know that the milkiness is caused by the 
formation of Chalk. (See Lesson XIX.) Continue to pass 
Carbon Dioxide through the milky water. Before long the 
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milkiness will disappear. The Chalk will dissolve as soon 
as the water becomes charged with Carbon Dioxide. Can 
we make th„ Chalk visible again ? Yes, if we drive off the 
Carbon Dioxl je which has been taken up by the water. To 
do this, we will heat the water, and make it boil. The 
Carbon dioxide is at once driven off, and the water turns 
mil ivy as be or^. 

Hard Water. — Carbon Dioxide is often found under- 
' ;rnd in hoies and cracks, and the spring- water dissolves 
s jc of it. Water containing this gas can dissolve Chalk, 
and *arry it away. The water has the same lode and taste 
as common pure water, but when you try to wash with 
it yon can soon tell that there is Chalk there. The Chalk 
acts on the soap, and changes it to flakes, which are of no 
use for washing. We call such water Hard , and we always 
try to avoid it when we want to wash ourselves or our 
clothes. Hard water uses up much soap, and uses it to no 
purpose. 

Summary. — Let us now run over our Lesson on Water. 
We have learned that : — 

1. Pure water is composed of two gases : Hydrogen and 
Oxygen. 

2. Ordinary spring-water or tap-water contains air and 
a lit do Carbon Dioxide. The air gives a pleasant brisk 
taste to uie water, end helps tr support the life of 
Fishes. 

3. Rain-water contains no solids, but water which has 

soaked into the ground contains some solid substances 
dissolved in it. * 

4. Chalk is easily dissolved in very small quantities in 
water that has taken up Carbon Dioxide. If the water is 
boiled, the Chalk is thrown down. 
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5. When water is distilled, all the solids are left behind. 
The steam from salt water can be condensed into pure 
water, which is good to drink, especially if it has been 
charged with air. 


LESSON XXI. 

A CANDLE-FLAME. 

W ANTED : — A paraffin or composition candle, a tallow 
candle, a small test-tube (one inch long and a quarter 
of an 'inch wide), stout copper wire, a few bits of 
glass tubing, a wide-mouthed glass jar , eight or ten 
inches high, and some Lime-water . 

This Lesson will require at least two hours. It will be 
found convenient to divide it into two or even three parts , 
beginning the second, and third parts with a short recapitu- 
lation of what has already been gone over . 

A simple Subject. — To-day I wish to teach you some- 
thing about a candle-flame. Perhaps you think it is hardly 
worth while to spend time over so simple a thing as this. 
We have seen candles ever since we can remember, and 
never found anything puzzling about them. It is when 
things go wrong that people begin to ask questions, but a 
candle hardly ever goes wrong. It never refuses to bum, 
and the one failing of old-fashioned candles has been got 
rid of — I mean the failing of wanting to be snuffed now 
and then. Snuffing is cutting off the top of the wick. It 
used to be found that although the wick gradually burned 
away, it did not burn fast enough, and when it grew long 
the candle began to smoke, and flicker, and give out a 
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smell, How is all that got rid of now-a-days? Three 
things have been done. First, candles are now made of 
wax that does not melt so easily as tallow. Secondly, the 
candles are made thicker. Lastly, the wicks are now tightly 
plaited, usually into a flat band. You will ask how plaiting 
the wick can make any difference. "When a plaited wick 
burns it does not stand up 
straight, but curves outwards to- 
wards the edge of the flame, where |pj| 

it soon gets burnt up. I will j» 

show you before long why it m M 

burns faster in the edge of the m \ 

flame than anywhere else. I ■ 

Appearance of the Flame.— a a 1 

Let us begin by taking a good M • 8 

look at the candle-flame. You see I I 

the top of the candle with its H 

little pool of wax ; then comes d 1 

the wick, and then the flame. e 

You will see a dark part of the ^ 

flame close to the wick, and a 
large bright yellow part above. 

If you look very carefully you' mM} ||H 

will see a faint blue layer at the ’ ™ 

bottom of the flame and on the Fig. 1 21 . -Candle-flame. 
outside. This is the inner part °» Outermost zone, hardly visi- 
of an almost invisible layer, 
which may be followed with some 
difficulty right round to the top. s 

If you wish to see this more distinctly, take a match which 
has been struck and then blown out, and bring the burnt 
knob of the match slowly and carefully towards the edge of 


Fig. 121. — Candle-flame. 

a, Outermost zone, hardly visi- 
ble; b, inner portion of the 
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the flame. When it is about an eighth of an inch away, or 
less, you will see that the dim outer mantle of the flame 
becomes more distinct. The * match-head when heated 
gives off something which colours it. There are therefore 
three chief parts in the candle-flame : — (1) a dark inner 
part, which we will call the dark zone ; (2) a large, light- 
giving, yellow part, the luminous zone ; and (3) a dim outer 
part, which is best seen at the bottom of the flame, the 
outermost zone . 

Some other Flames. — Do you know of any other 
flames besides a candle-flame? Yes, there is a gas-flame, 
and the flame of a lamp. These are different in shape, but 
you can see that they are made up of the same parts. A 
gas-flame is made flat either by a slit in the burner, or by 
two slanting holes, which cause the gas to spread out. 
But if the gas is made to come out through a plain round 
hole, it will burn like a candle. I will fit a piece of glass 
tubing, drawn out to a point, to the gas-burner, and then 
light the gas. You see that the flame has the same shape 
as a candle-flame and contains the same parts. 

Oandle-gas. — Is it not strange that solid wax, and 
light, invisible gas, should burn in the very same way? Is 
it possible that gas is burnt in the candle-flame too ? Blow 
out the candle, and what do you see? A stream of 
whitish smoke rises from the wick. It has a rather un- 
pleasant smell. Try the effect of bringing a lighted match 
slowly down into this smok@. When the match is about 
an inch from the wick the smoke catches fire with a little 
puff, which is really a small explosion, and the candle is 
lit again. We see, then, that when a candle burns, the 
wax is turned into a sort of gas, which we might call 
candle-gas, and this takes fire when a light is put to it. 
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We can easily make some candle-gas merely by heating 
wax. Take a few chips of wax, pat them into a small 
glass tube* held by a wire, and heat them in the flame of 
the candle. ^ he wax melts and boils, and before long a 
sort of smoky vapour issues from the mouth of the tube. 
This is candle-gas. It can be lighted, when it gives a 
bright flame. Do you know of any other substance which, 
like wax, is solid when cool, melts with heat, and turns to 
vapour when heated still more strongly ? Of course you 
do. Ice is turned to water, and water to steam, by heat, 
just as solid wax turns to melted wax, and melted wax to 
gas. We now see something of what takes place when a 
candle burns. "When we first hold a light to the wick, we 
melt the wax on the wick and vaporise it — that is, turn it to 
gas. The gas takes fire, and gives out enough heat to 
melt and vaporise more wax, and so the thing goes on. 

Use of the Wick. — There is one question which may 
occur to you at this point. If all that is necessary is that 
the wax should be turned to gas, what is the good of the 
wick ? Why should not the wax begin to burn whenever 
you hold a light to it, whether there is a wick or not? If 
you think a moment, you will find an answer to that 
question. The wick draws up the melted wax little by 
little from the pool at the top of the candle. The wax 
burns slowly, just fast enough to feed the flame, and the 
flame is lifted well above the wax, so that it does not melt 
it too fast. See what happens if you hold a flame to a 
lump of wax. All the heat is spent in melting the wax, 
and the wax runs down as fast as it is m^ted. If you cut 
the wick of a candle very short, it gives a miserable little 
flame. Here, too, nearly all the heat is spent in melting 
the wax, because the flame is too close to the wax, and 
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hardly any gas is formed. But when you have a good long 
wick to begin with, covered with a thin layer of wax, your 
match not only melts this small quantity of wax, but turns 
it into gas. You get a good-sized flame al roost from the 
first, and only just enough wax is melted at a time to fill 
the little cup at the top of the candle. 

Wax climbs up the Wick. — How does the melted gas 
climb up the wick? Liquids, we know, usually run down-hill, 
and melted wax is no exception, as you will see if you tilt the 
candle. The wax trickles down the side. Well, though it 
is no doubt true that liquids usually run down and not up, 
they can be made to rise when very fine tubes or fibres are 
placed in them. Put the end of a piece of thread in an ink- 
pot, and you will see the ink run up the thread. I cannot 
attempt to tell you the “ why ” of this : it would be too 
hard for you at present ; but it is worth while to know that 
fine tubes and threads do make liquids rise, even though 
you do not know why. Any other liquid which could wet 
the wick of a candle would run up it, for the wick is only 
a bundle of fibres. As fast as the melted wax is turned to 
gas, a fresh supply runs up the wick from the cup below. 
It is important that just the right quantity should run up, 
neither too much nor too little. The wick must be just big 
enough and the wax just hard enough. There must be 
enough melted wax to feed the flame, and enough flame to 
melt the wax, and not too much of either. If the wax is 
too soft or the wick too big, the wax will melt too fast and 
trickle down the side of the candle. This is what often 
happens with a common tallow candle. 

Things necessary to Flame.— What are the things 
necessary for a candle-flame? There must be wax to be 
melted and vaporised ; there must be a wick to carry the 
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melted wax up to the flame ; there must be a flame to start 
the burning of the gas. Anything else ? Yes ; of course 
air is necessary, as tfe saw in the Lesson on Air and burn- 
ing in Air. *^e prdved that by a little experiment, which 
I will repeat now, because of one little fact w&ich we did 
not notice the last time. 

Supply of fresh Air necessary. — I take a clean, dry 
glass jar, and lower this candle-end to the bottom of it by 
means of a wire looped at the end. The candle burns 
brightly inside the jar. Next I take a card, and cover the 
mouth of the jar with it. In about a minute the flame 
sinks, and very soon after it goes out altogether. I lift the 
card very cautiously, and take out the candle with as little 
disturbance as possible. I light it again and put it back 
into the same jar. It goes out immediately. From this 
you learn that fresh air is necessary for the existence of a 
candle-flame. 

Water formed. — In making these experiments we 
must not forget to keep our eyes open and to note all that 
happens. When the card was lowered upon the mouth of 
the jar, the flame went out. Did you see anything else ? 
Yes, the sides of the jar became misty. When the card 
was lifted the mist soon cleared away. It was moisture — 
water settling on the cold glass. Where does the moisture 
come from ? Not from the jar, for that was clean and 
dry. Not from the air, for warming the air would never 
cause it to throw down moisture, but rather to take up 
more. Not from the candle, surely, for wax will not mix 
with water, and it is not at all likely that* the wax of the 
candle was damp. Here is a puzzle ! We will try to 
make it out by-and-by, but meanwhile do not forget that 
when a candle burns, water appears that was not there 
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to begin with. Water is formed in the burning of a 
candle. 

Union of Candle-gas and Air.-— We have now learned 
that candle-gas and air are both necessary to the flame of 
a candle. If either were taken away the flame would go 
out. I want to find out, if we can, something about the 
way in which these two things, candle-gas and air, unite 
to form a flame. 

Heat necessary. — In the first place, you know already 
that they will not form a flame if they are cold. How can 
we prove that ? By blowing out a candle. The candle- 
gas goes on streaming out from the wick into the air for a 
minute or so, but no flame is produced. Candle-gas and 
air are both present, but they do not form a flame because 
they are cool. They must be made very hot indeed before 
they can burn and make a flame. 

In a candle-flame we should expect to find the candle- 
gas and the air differently mixed in different places. In the 
middle of the flame, where the candle-gas streams out from 
the wick, we should expect to find much of this gas. On 
the outside we should expect to find much air. Between 
the middle and the outside we should expect to find a 
place where both are fairly mixed. Let us see if this 
is so. 

Dark Zone cooler. — I take a wooden match and hold 
it steadily across the middle of the flame, just above the 
wick. It soon gets charred, but you will see that it is 
most charred in two places a little distance apart, and that 
between these two it is scarcely charred at all. This shows 
us that the dark zone in the middle of the flame is com- 
paratively cool — at any rate, not so hot as the outer part. 
Next I take a white card, and hold it for a few seconds 
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across the middle of the flame .just above the wick. Look 
at the top of the card. You see that it is charred in a ring. 
This is another way of showing the same thing, that the 
middle of the |lame is cooler than the outside. 

Much Soot in luminous Zone.— Now I take a thin 
pi^ce of glass tube, and hold it very steadily across the 
flame just above the wick. Two black rings form on the 
tube, and between them is a narrow clear space. What is 
the black stuff? We call it soot, or lamp-black. I will 
show you just one thing about it, and that is, that it can 
be made to burn away. I hold one of the black rings just 
above the top of the flame, very near but not in the flame. 
It requires some care and a steady hand to do this nicely, 
but you will see that when the glass tube gets quite hot 
the black stuff burns entirely away. 

Unburnt . Candle-gas in dark Zone.— Now for one 
more experiment. I have here a bent glass tube like a long, 
thin 8 (the upper loop of the tube 
should be very short). I put the 
upper end of this tube into the flame 
just above the wick, and hold it there 
for a minute or two. Soon we see 
that the tube gets filled with whitish 
fumes, which come pouring out at 
the lower end. What do these fumes 
remind you of? Are they not just 
like the smoke from the smouldering 
eandle? Yes ; and that you remember 
was candle-gas. The candle-gas could Fig. # i22.— Unbuent 
b. fit with a match. Let », fay 
whether the fumes which come out of 
the tube can be lit in the same way. See ! there is a. 
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small, flickering flame at the end of the tube when I have 
touched it with a lighted match. 

None in luminous Zone. — Will the luminous zone 
yield us any candle-gas ? I hold the upper end of the tube 
in it. The tube is soon coated with black soot, but no gas 
comes off which will catch fire. 

Results obtained. — Now let us see what these experi- 
ments have taught us. We have learnt (1) that the dark 
zone of the flame is cool, and the luminous zone hot ; (2) 
that the dark zone throws down no soot, while the luminous 
zone does ; and (3) that the dark zone contains unburnt 
candle-gas, while the luminous zone contains none. 

Yellow Light of luminous Zone.— What makes one 
particular part of the flame strongly luminous ? There is 
much black soot in it, as you know, and this soot is 
turned to a bright yellow colour by the heat. Can you 
mention any other black things which turn bright yellow 
when heated? Yes, the poker or a piece of coal does the 
same thing when placed in the heart of the fire. 

Faint outer Zone. — But there is still the thin, faint, 
outermost zone of the flame, which we must not forget. It 
is too small for us to experiment upon to any extent, but 
there are two or three things to notice about it. (1) It 
gives out little or no light. (2) It is very hot. You 
remember that we used this part of the flame to burn away 
the soot from the glass tube. (3) It contains no soot. 

Explanation of the different Zones.— You will now be 
prepared to follow the explanation of the different zones of 
the candle-flame. Round the wick is a mass of candle-gas, 
distilled from the melted wax in the wick by the heat. 
This contains no air, and does not burn. It is therefore 
moderately cool, and gives out little or no light* Where 
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the candle-gas mixes with the air it burns. This is the 
luminous zone ; here the flame becomes very hot, and gives 
out much light. Soot is separated from the candle-gas. 
In the outernaost zone there is hardly any candle-gas, but 
plenty of air. Much heat is produced, but little or no 
light. No soot is thrown down here, but any soot brought 
into this part of the flame is burnt up at once. 

Soot. — It is now time to ask what the Soot of 
the candle-flame really is. It is black, and burns away 
when heated strongly in air. Do you remember any 
other black thing which does so too ? Charcoal, of course. 
(See Lesson XIX.) Is it possible that Soot and Char- 
coal are pretty much alike ? Charcoal, we know, consists 
mainly of Carbon. Does Soot consist mainly of Carbon 
also? 

Forms Carbon Dioxide when burnt. —We can And 

this out by seeing whether or not Carbon Dioxide is formed 
when Soot burns away in air. I will smoke a sheet of 
glass over the flame of a candle, then scrape off some of 
the Soot, and collect it in a test-tube. Then we will connect 
the test-tube with a bent glass tube, and dip the end of the 
tube into Lime-water.* When all is ready I will heat the 
test-tube strongly with a Bunsen burner. Now you see 
the Soot is red-hot, and begins to burn away. The gas 
bubbles up through the Lime-water, and turns it milky. 
This will satisfy you that the gas produced by burning 
Soot in air contains Carbon Dioxide, and that the Soot 

* Some care is needed to make this experiment succe^l. Take a test-tube 
of glass (not too soft), and connect to it a cork and bent tube. The end of 
the bent tube must pass into lime-water contained in a second test-tube. 
Heat the soot till it glows, without warming the air in the tube more than 
can be helped. Then warm the upper part of the tube, and drive the gas 
into the lime-water. 
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contains Carbon. Like Charcoal, it is mainly composed of 
Carbon. 

Where does the Carbon come from?— It is dear 
that the Carbon comes from the candle, and not from the 
air. Does it come . from the wax or from the wick ? 
Mainly from the wax. The wick contains Carbon too, but 
all the Carbon contained in the wick makes but a small 
part of the soot which can be got from a candle. If we 
could spare time for the purpose, it would not be difficult 
to char a wick and save all the Carbon which it contains, 
and also to burn a candle and save all the Carbon which 
can be recovered in the form of soot. The soot would far 
exceed the Carbon of the wick. 

Something besides Carbon in a Candle.— We prove 
clearly in this way that the candle contains Carbon, but 
surely it must contain something besides. The two great 
reasons we have for believing that there is something 
else in a candle besides Carbon are these : — First, if the 
candle were only Carbon it should burn like charcoal — that 
is, it should glow without flame ; secondly, when a candle 
burns, water is produced. 

There is also Hydrogen. — We must now return to 
this water, and try to find whence it comes. What is 
water made of ? You know that water is made of Oxygen 
and Hydrogen. Where does the Oxygen come from to 
form the water .which is produced when a candle, burns ? 
From the air, of course. And the Hydrogen? Well, the 
Hydrogen can only come from the candle. This seems a 
strange thing, that the gas Hydrogen should be contained 
in solid paraffin or wax, but when you remember that the 
solid wax is easily made into a gas in the flame, it is not so 
difficult to believe that candle-gas may contain Hydrogen. 
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Carbon and Hydrogen not merely mixed in the 
Candle. — We have seen that a candle contains Carbon and 
Hydrogen. Does it contain anything else? No : a paraffin 
candle contains nothing else ; or at any rate it need not. 
The pure white waxy paraffin is made of the black substance 
Carbon and the gas Hydrogen. It is not a mixture in the 
ordinary sense of the word. You might try to mix up 
Carbon and Hydrogen, but you would never get paraffin ; 
the Carbon and Hydrogen are united in what we call a 
chemical way. When two things are united chemically 
they usually make a substance quite unlike either of them. 
When you pour milk into water, you get something which 
is rather like milk, and rather like water, and you call it 
milky water. That is not a chemical union. But when 
black Carbon and Hydrogen-gas are united chemically, 
they may give us white paraffin wax, which is not in the 
least like either Carbon or Hydrogen. 

Coal-gas also consists of Carbon and Hydrogen. Do 
you remember that we once used Coal-gas to recover a 
metal from its Oxide, and that we were able to do so 
because Coal-gas contains no Oxygen, but a substance 
which will unite to Oxygen when heated? That substance 
was Hydrogen, and the Hydrogen of the Coal-gas united 
with the Oxygen of the Copper scale to form water. 

How the Carbon and Hydrogen burn in the Candle* 
flame. — Now let us go back to the candle-flame, and 
follow out the changes again, now that we know the com- 
position of the thing that burns. The candle-gas or vapour 
consists of Carbon and Hj'drogen. Ejpth Carbon and 
Hydrogen burn in air when they are sufficiently hot. In 
the candle-gas we have both; will they burn together? 
Perhaps they will, if there is plenty of air; but if there is 
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not enough for both, the one which bums most easily may 
part company from the other, and burn first, and leave 
the other unburnt for a time until it can get enough air* 
Have we any proof of this ? Certainly ; vje have found 
that in the yellow part of the flame there is plenty of un- 
burnt Carbon, which becomes visible as black soot when a 
cold object is put into the flame. Now we have got to one 
great secret of the candle-flame. When the candle-gas 
begins to burn, the Hydrogen burns' most easily, and takes 
most of the Oxygen, forming water. The result is that the 
Carbon is separated, and cannot burn at once. It gets very 
hot, partly because of the heat given off by the burning 
Hydrogen, and partly because of its own slow burning, 
and so it glows very brightly, and makes the candle-flame 
luminous. By'the time the glowing Carbon gets to the 
outside of the flame, it has enough air to burn it up to 
Carbon Dioxide. The dim outer zone is simply a sheath of 
candle-gas burning with plenty of air, so that the Carbon 
and Hydrogen burn together. No soot separates, and so 
there is no solid to glow and produce light. 

Recapitulation. — Let us just go over it all once more. 
In the dark inner zone of a flame the gas is unburnt ; in 
the yellow luminous zone the Hydrogen is burnt to water, 
and the Carbon separates and burns slowly to Carbon 
Dioxide ; in the dim outer zone some of the candle-gas is 
burning with plenty of air, and without the Carbon being 
separated. 

Why the Wick burns away in the Edge of the 
Flame. — There are one or two things which I have still to 
explain. Why is it good to have a wick which curves over 
to the edge of the flame? Simply because then the end 
of the hot wick stands well out into the air and burns 
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away, as you can see by the glowing tip, instead of sticking 
upright into the flame where there is no Oxygen to spare 
for it, and where it would not therefore burn away half 
fast enough. f * 

The Cause of Smoke. — When does a candle smoke ? 
When there is a very long wick, and the candle-gas is 
supplied so quickly that part of the Carbon never gets hot 
enough to burn. Then again you get smoke when the 
regular supply of air is interfered with. The Carbon, 
which would have burnt away steadily in a free supply 
of air, cannot get enough Oxygen, and so passes away 
unburnt. If you have enough air you will never get 
smoke, and this is true of burning coal as well as candles. 
Smoke is not only a nuisance, but it is a waste, because 
if there had only been enough air it would have been burnt 
and given heat. 

Putting out of the Flame.— Now let us see what 
happens when a candle-flame is put out. If you put an 
extinguisher over a candle you cut off the supply of Oxygen, 
without which no burning is possible. If you blow it out, 
the current of air cools the wick so much that there is 
not enough heat to convert much melted wax into vapour, 
and what vapour is formed is so scattered and cooled that 
it is not hot enough to unite with the Oxygen of the air. 
I will give you a very simple proof of this. Here is a short 
metal tube, or coil, made ,by winding a piece of stout 
copper wire round a thin pencil. See what happens when 
I lower the tube over the wick, taking care not to touch it 
with the coil. The flame goes out as soon as the wick is 
surrounded by the metal. Why is this? . I believe it is 
because the cold wire withdraws Hie heat from the wick 
go fast that the wick is no longer hot enough to turn the 
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liquid wax rapidly into candle-gas, nor the candle-gas hot 
enough to burn. If we heat the coil by holding it for a 
minute in the upper part of the flame before we lower it 
about the wick, it will not have the same effect. The hot 
wire will remove very little heat from the neighbourhood 
of the wick, and so the eandle-gas continues to pour forth 
and burn. 

Carbon Dioxide in the Air. Why it does not in- 
crease. — We see that when a candle is burnt it is not 
“ burnt up to nothing,” as people say, but that it all goes 
to make two gases — Carbon Dioxide and steam. All 
ordinary burning materials, such as oils, wax, gas, wood, 
coke, and coal, produce these same two things when they 
are burnt. In a big town tons and tons of Carbon Dioxide 
are sent into the air every day. This partly explains why 
we find Carbon Dioxide in the air. Fortunately the amount 
of Carbon Dioxide in air is very small, and does not get 
any larger, although fires are constantly burning and 
animals are breathing out the gas. Why is this? Is 
there anything which uses it up ? Yes, there is. I shall 
have to tell you some day how the green leaves of plants 
do that work. They take up the Carbon Dioxide, keep the 
Carbon for themselves, and send back the Oxygen into the 
air to burn up more candles, and carry on the breathing 
of men and animals. 

Summary. — What have we learnt from the candle- 
flame ? The most important points are these three, but I 
think you will have picked up a good deal of information 
besides : — 

1. The Candle contains Carbon and Hydrogen. When 
it bums these unite with the Oxygen of the air. 

t, The Carbon unites with the Oxygen to form Carbon 
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Dioxide ; the Hydrogen unites with the Oxygen to form 
Water. 

8. The light of the Candle is chiefly due to glowing 
particles of Carbon (Soot) . 


LESSON XXII. 

CLOUDS. 

Wanted: — Glaus flasks, with corks , one drawn out into a 
narro w neck, or with a tube fitted to it ; a spirit-lamp 
or Bunsen burner ; a large bowl ; some ice. 

Invisible Steam turned to Water. — I wish to show 
you a very simple experiment — so simple that any of you 
can repeat it for yourselves. Here is a clean dry glass 
flask. I turn it about over the flame of a spirit-lamp, or 
Bunsen burner, until it becomes as warm as my fingers 
can bear. Then I hold it for half a minute, mouth down- 
wards, above the open neck of a second flask in which a 
little water is boiling. Now I cork it up tight. While I 
am talking to you I keep warming it over the flame. The 
bottle looks just as it did at first, a clear glass flask. It 
contains air, but it contains something else. What else ? 
Steam, or water-vapour. This steam is quite invisible, and 
looks like the air with which it is mixed. I can easily 
make it visible however. Here is a large bowl, into which 
I have put some crushed ice. I hold the flask just above 
the bowl for a minute or two, not allowing it to get wetted. 
It is merely cooled by being surrounded by cold air. Now 
I take it out of the bowl. The flask, which a minute ago 
seemed to be empty, is seen to contain water. The water 
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forms a multitude of little drops on the inside of the flask 
and dims the glass. If I heat the flask again, the drops 
will disappear, but they will come back as often as it is 
cooled. 

o 

This experiment, which is so simple that you perhaps 
think it too childish, shows us two things : — 

1. Water may be present in the form of vapour or 
steam, when we cannot see it. 

2. Hot air can hold or carry more water than cold air. 
When the flask and the air inside it are hot, the water is 
held up, and becomes invisible steam, or water- vapour. 
But when the air inside the flask becomes cooler, some of 
the water is dropped, or condensed , and forms a mist on 
the sides of the flask. 

The invisible Steam in the Room turned to 
Water. — Now let me show you a second experiment almost 
as easy to understand as the first. I have here a second 
clean, dry flask, I pour some ice-cold water into it, which 
has been chilled by the lump of ice which still floats on the 
surface. Almost at once a mist forms on the outside of the 
flask, and in a minute or two this mist thickens into drops 
of water. By-and-by the water will run down the sides of 
the flask. Where does the water come from? It must 
have been present as invisible vapour in the air of the 
room. The cold water in the flask condensed it, and it 
formed drops on the outside of the flask. Have you ever 
seen water- vapour condensed in this way before ? No 
doubt you have breathed on the window-pane, and formed 
a misty film of small drops. You have seen a mist of the 
same kind form on your bedroom window in cold weather, 
or on the window of a room where a number of people 
have been shut up. The cold outside air chills the glass, 
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and the glass chills the vapour in the air of the room, and 
condenses it into drops. Any room which contains a 
number of people is sure to have a great deal of water- 
vapour in it, for they breathe it out from their lungs. 
But whether tliere are people in the room or not, there is 
enough water- vapour in the air to condense upon an ice- 
cold object. 

White Cloud. — Perhaps all of you did not know before 
that water- vapour or steam is perfectly invisible. We 
talk of the clouds of white steam which issue from the 
funnel of a locomotive engine. It is not properly steam at 
all. It was steam so long as it was inside the hot funnel, 
but as soon as it came into the cool air outside it condensed 
into very small drops of water, and these drops were for 
a short time carried or suspended in the air. I cannot 
explain why this cloud which issues from the funnel looks 
white until you know more about light, but you will 
learn some day that it would not be white at all if it 
did not contain vast numbers of drops or specks of some 
kind. 

Mist before the Mouth. — On a cold winter’s day you 
can see a mist before your mouth. The hot air breathed 
out from your lungs is chilled as soon as it meets the cold 
air, and all its vapour condenses in a moment into millions 
of minute drops of water, which dry up and disappear 
directly. 

What Clouds are made of. — The clouds which float 
in the sky are like the clouds which come out of the 
locomotive. They are made up of little djops of water, so 
small that even if you were in the midst of the cloud you 
could not see them. But you would feel them against 
your face and hands, and they would make your clothes 
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damp. We have reason to believe that the upper clouds, 
high in the sky, consist, not of small drops of water, but 
of particles of ice. 

Cloud on a Hill-top. — I daresay you c have all been 
inside a cloud some time or other. When we go up a high 
hill, a mist sometimes surrounds us, so thick that we can 
only see a few steps before us. Then we feel cold, because 
our faces are chilled by the water. After a time our 
clothes are covered with dew. If someone else were 
looking at the same hill-top from a great distance, he 
would see a cloud resting upon it. 

Cloud in a Valley. — We need not even go up a hill to 
get into a cloud. Sometimes the clouds form in the 
valleys and plains. At such times we say that there is a 
mist over the ground, for we cannot see far before us. 
The air feels cold, and our clothes are wetted with dew. 
There may be a mist in the valleys when it is clear on the 
hill-tops. The shepherd minding his sheep on the hills 
sees the sun shine bright, and all the trees and rocks are 
quite distinct. But down in the bottom of the valley 
rolling white clouds appear. 

I will , now try to explain why clouds form sometimes 
on the tops of the hills, and at other times in the bottom 
of the valleys. 

Clouds on Hill-tops. — All clouds are formed by the 
cooling of steam or invisible water- vapour. Suppose that 
a current of warm air blows over the sea. It will pick up 
a good deal of water- vapour, for the sea is always giving 
off vapour. The air will move off and carry the vapour 
with it. If this current of air strikes against something 
cold, the vapour will condense into a multitude of tiny 
drops, or what we call a cloud. The cold object which the 
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current meets may be a hill. If so, the cloud will form 
around the hill. 

What becomes of Clouds. — A cloud does not remain 
long without qhange. In a little while one of two things 
is sure to happen. Either the little drops will run together, 
and form big drops which fall to the ground as rain, or 
they will melt away into invisible vapour. 

Rising Column of moist Air. — What will happen if 
a current of warm air, carrying plenty of invisible vapour, 
rises steadily up from the surface of the earth ? It is easy 
to see that it will lose its heat by meeting with cold air at 
a great height above the ground. Then the vapour will 
condense and form a cloud. The current will be quite 
invisible near the earth, but it will become quite visible 
when it reaches the colder air at a great height. We 
often see this in hot summer weather. The sun warms up 
the earth, and this warms the air next above it. The 
warmed air expands and becomes less dense (do you re- 
member what these words mean ?) and rises. At last it 
reaches a layer of cold air, which checks its upward 
movement, and cools it, and causes its water-vapour to 
condense into one of those great white woolsack clouds 
which are often seen in the sky in summer. The wool- 
pack clouds are often flat below, because there is a clean 
line of separation between the warm and the cold air, and 
the visible cloud forms suddenly the moment that the cold 
layer is reached. 

Rises over Land more easily than over Sea.— 

When the sun has been shining for som^ hours on the 
land, the land becomes warm, and currents of warm air 
rise from it* Much more time is required to warm up the 
sea. Why is this? Because water has a much greater 
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capacity for heat than rocks and earth. It takes longer to 
warm, and longer to cool. If the sun shines equally, and 
at the same time, on land and sea, the land will send up 
columns of warm moist air, which will giv$ up their heat, 
and condense their vapour, when they reach a certain 
height, and form great masses of woolpack clouds. This is 
not so easily done over the sea, which remains cold for a 
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long time, and does not send up columns of heated air so 
readily. 

An Example. — One beautiful summer day I was sailing 
round the Isle of Man. WecouHsee the mountains of 
the island close at hand; and in the distance were the 
mountains of Cumberland, and Galloway, and Antrim, and 
County Down, and North Wales. Most of these were too 
far off to be seen themselves ; but over all of them were 
great piled-up clouds which could be seen a hundred miles 
off. They had the rounded cauliflower or woolpack shape 
above, and a flat base. There were no clouds over the sea, 
but the sun shone fiercely in a blue sky. Columns of 
moist air were rising all day from the land, and forming 
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new clouds, but no columns of air rose from the sea, because 
it did not warm up fast enough. It is true that moist air 
was rising from the sea all the time, but it rose much more 
gradually and gently. As evening came on the land cooled, 
the columns of air ceased to rise over the hills, and the 
clouds gradually melted away. 

Chilling of Air by Expansion. — I will now show 
another experiment which I cannot fully explain to you at 
present. I think you will understand something about it, 
though you will not understand it perfectly. Here is a 
flask with a long narrow neck. The flask is nearly empty, 
but you can see a few drops of water in it. It was first 
filled with water, and then turned upside-down. I put the 
neck of the flask to my mouth, and suck out the air as 
hard as I can. Those who are quite close will see a faint 
cloud form in the flask when I suck. You might be 
inclined to think from the look of the glass that I was 
blowing into the flask, instead of sucking air out of it. If 
we had an air-pump at hand, I could show the same thing 
more plainly by exhausting the air from the flask with a 
few turns of the handle. But you have seen enough to 
convince you that when some of the air is removed from a 
vessel, a faint cloud forms. Part of the air was suddenly 
sucked out, and the rest of the air expanded to fill the 
empty space. Whenever air expands, or spreads itself out, 
it becomes chilled. This is the part of the story which I 
cannot explain fully to you at present. We must wait till 
yoii have grown older and learnt more. But though you 
do not know why the air is chilled by beingf expanded, you 
know why the chilled air produces a cloud. The water- 
vapour in the flask is condensed by cold, and runs into 
little drops of water. 
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Moist Air, chilled by Expansion, forms Cloud.— 

This is important, because the same thing takes place on a 
large scale in Nature. The air which begins to rise from 
the surface of the earth expands, or spreads out, as it rises. 
Why does it expand ? Because it has less weight pressing 
upon it. The air has weight, and presses downwards. At 
the surface of the earth the air has to bear the weight of all 
the air above. It is like the bottom book in this pile of 
books, which has to bear the weight of all the rest. But 
as the air ascends, it has less and less air above it. Its 
load is lightened, and it expands, or spreads out. As it 
expands, it is chilled (remember that you do not know 
why it is chilled). As it is chilled, its vapour becomes 
condensed, and forms cloud. 

The expansion of the air as it moves away from the 
surface of the earth is one cause of the coldness of the 
higher regions of the air, and it is one cause of the forma- 
tion of clouds. 

Moist Winds form Clouds about Hills.— A current of 
warm air blowing over the sea will carry much vapour. 
Most of the winds which blow across our islands are of 
this sort. They must blow across the sea, or they could 
not reach us at all, and they generally blow from the south- 
west. This means that they blow from warmer regions, 
and across the wide Atlantic. The south-westerly winds 
generally drop a great deal of their vapour in the form of 
rain as soon as they reach our shores. There are three 
reasons for this : — 

1. They blow from the south-west, and are always 
passing to colder and colder regions. 

2. The land is generally hilly, and much higher than 
the level of the sea, so that the winds are forced to rise 
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into the colder regions of the air as soon as they reach the 
hills. 

3. The hills are cold objects during most of the year, 
and most of tlje day. 

You will understand, I hope, that winds blowing across 
the Atlantic are pretty sure to be chilled when they reach 
these islands, especially when they blow against our hills. 
It is only when the sun is shining brightly on the land, or 
when the land is warmer than usual, that the moist wind 
can escape being chilled. What will happen when the 
winds are chilled ? They will be unable to carry all the 
water-vapour which they have taken up ; a good deal of it 
will be condensed and form rain. 

How Clouds form in the Bottoms of Valleys.— It is 
harder to explain why cloud or mist forms at times in 
the bottom of a valley and not on the hills. When this 
happens, it is because the air of the valley contains more 
vapour than the air over the hills, or is more rapidly 
cooled. 

Valleys are often wetter than hill-tops. Water col- 
lects in the valleys, and forms streams or marshes. This 
water may be at the moment warmer than the air ; for air 
warms and cools very fast, while water warms and cools 
more slowly. You remember that in Lesson XVII. you 
were told that water has a greater Capacity for Heat than 
any other common substance. If the water is at the 
moment warmer than the air above it, it will give off more 
vapour than the air can carry, and some will condense as 
mist or cloud. In frosty weather mists often form over 
streams in this way. 

In still weather, cold air, which is denser than warm 
air, sometimes settles to the bottom of the valleys. On a 
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summer evening, after the sun has set, a cold current may 
sometimes be seen or felt creeping down the hill-sides. 
If such a current mixes with air which is loaded with 
moisture, some of the moisture will probably^ condense into 
cloud or mist. 

Travels of a Drop of Water.— Let us follow one of 
the particles of water in its travels. We will begin with a 
drop of water at the surface of the Atlantic, hundreds of 
miles away. The hot sun turns it into vapour, and the 
warm air drinks it up. It is swept gently along over the 
sea until it reaches the shores of our island. The wind 
drifts over the low sandy lands near the sea, and then 
strikes against the hills a few miles inland. Now it is 
forced to flow up the slope till it rises several hundred feet 
above the sea. It is chilled by rising into the colder 
regions of the air, it is chilled by expanding, and it is 
further chilled by the cold hill-sides. The moisture con- 
denses, and our particle of water, which has floated along 
so far in the form of invisible vapour, now turns to a little 
drop. The wind bears this and vast multitudes of other 
drops along with it in the form of great fleecy clouds. 
Gradually the drops begin to run together, and form larger 
drops, and at last these fall to the ground as rain. They 
soak into the earth, trickle through bogs and wet pastures, 
and at length run together into a little thread, which joins 
others, and forms a small stream. Many streams collect, 
and at last a river is made, which flows down to the sea, 
bearing with it the drop of water whose wanderings we are 
trying to follow. It has now made its way back to the 
ocean from which it started. 

Circulation Of Water. — There is, as you see, a regular 
circulation of water up and down, from the sea to the air 
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and back again from the air to the sea. The water circles, 
or moves round and round. Some power is needed to keep 
it moving. What is this power ? The heat of the sun. 


LESSON XXIII. 

THE HISTORY OF A SUMMER SHOWER. 

The Shower. — A bright, sunny morning ! Those who 
are out of doors in good time see the sun shining for hours 
together in a clear sky. The air is almost still. 

When the sun has risen some five or six hours, and is 
tolerably high in the heavens, clouds begin to gather. 
Overhead they seem to be dark masses of no particular 
shape, but when we see them nearer to the horizon, in side- 
view, they look like cauliflowers or piles of wool, bulging 
out into irregular rounded lobes. Some have a flat base, 
as if they had been cut off clean below. 

The sun shines upon the edges of many of these piled-up 
clouds, and turns them to white and gold ; others are in 
deep shade, and show inky colours. The air begins to be 
hot and oppressive. Puffs of wind drive the dust this way 
and that, and the clouds are moving in different directions 
at the same time. It is now past noon. The sun is quite 
hidden, and an unnatural darkness comes on. One quarter 
of the sky, to the south-west, is tinged with dusky yellow, 
while the opposite quarter has the colour of lead. 

Candles are lit in houses, and the people in the road 
mend their pace, now and then glancing round at the 
threatening sky, which promises a shower before long, The 
pavement is spotted with big drops. Then there is a pause, 
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The rain begins again ; it is in earnest this time* Did 
you see that flash of lightning? The thunder follows 
close behind ! The wind has risen, and slants the falling 
rain* The trees turn up the white side of their leaves, and 
their branches quiver and groan. All the* gutters are 
choked, and the road, where it climbs the hill-side, is one 
wide stream. Light is beginning to break through on that 
side of the sky which was just now amber-yellow. Yes, it 
is brighter now, and we can blow out the candles. But 
the rain still falls as hard as ever. At the bottom of the 
garden is a pool big enough for a duck to swim in. There ! 
that is the last of the downpour. A gleam of bright light 
appears in the south-west ; the wet leaves glitter. Every 
moment it grows brighter, and now we see the clouds 
plainly, with no gloomy film between us and them, as there 
was a few minutes ago. Half the sky is covered with 
little clouds of light-grey colour. They seem to have been 
caught on a sudden by a breeze from a fresh quarter. The 
piled-up masses are gone, and we have waves of dappled 
grey in place of them. But stay ! the piled- up clouds are 
not gone altogether. I can see a great bank of them far 
away to the north-east, growing plainer and plainer as 
the sky clears. There is a faint flash in that quarter now 
and then, followed by a rumble of thunder. Now we see 
the first gleam of real sunshine. It does not last, but 
there will be more by-and-by. The wind blows fresh, 
and it blows towards the north-east, on the heels of the 
storm. 

At last there is a patch of blue sky, and the sun shines 
bright on the edges of the clouds. The retreating cloud- 
regiments take all colours. How they tower up into the 
sky, rank above rank ! They are far away by this time, 
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but how high they seem ! The thunder-cloud must be 
some miles thick. 

The storm is past. The hot sun dries the leaves. The 
birds begin chirp and twitter. The torrents slacken. 
Let us walk out, and enjoy the fresh breeze. How different 
from the sultry heat of the last few hours ! Let us look 
at the rain-gauge. It has been a smart shower, for I see 
that more than an inch of rain has fallen in three-quarters 
of an hour. 

I will tell you as well as I can what takes place in a 
summer shower, but you must not be surprised if we come 
across some difficulties which cannot be made quite plain 
to young people. There are some questions about this 
morning's shower which I cannot answer, and I am not 
sure that anyone can. 

How the Clouds formed. — The first thing that 
happened was that the sun began to warm the earth. 
Then the earth warmed the air above it, and the water on 
the surface of the ground turned to vapour. The ground 
seemed quite dry at breakfast-time, and you remember that 
we noticed how dry and brown the grass-plat was. But 
even in hot weather there is a good deal of water in the 
ground, which rises little by little from the damp gravel 
and clay far below the surface. A hot sun can always 
raise water, at least in England. 

Their Shape. — As the air and water-vapour grew warm 
they became less dense. Do you remember the little ex- 
periment which we made to show what happens when air is 
warmed (p. 190) ? Then of course they began to rise. If we 
could have seen what was going on, we should have seen a 
column several miles high, with a fantastic top of the kind 
called woolsack or cauliflower . The top of this column we 
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did see, because in the upper regions of the air the vapour 
was condensed by the cold, and turned to visible cloud. 
Why is the top of the column colder than the bottom? 
First, because the upper layers of the atmosphere radiate 
or give out their heat more rapidly into space. They have 
only a thin blanket over them, and they cool fast. The 
lower layers are screened by the upper ones ; they have a 
thicker blanket over them, and cool slower. The blanket, 
of course, is the atmosphere itself, which keeps in the heat. 

You will recollect that some of the woolpack clouds had 
a flat base. That shows ns that, in some places at least, 
there was a sudden passage from warm air to cold. Below 
the line the air was warmer, and the vapour was not con- 
densed. Above the line the air became suddenly much 
colder, and the vapour was condensed into multitudes of 
minute drops of water. There is another reason why the 
top of the column was cooled. The air and vapour, as they 
rise, have less and less weight laid upon them. At the 
surface of the earth they are weighted with the whole 
atmosphere, but as they rise they leave more and more of 
the atmosphere behind them. On this account they are at 
liberty to expand more and more. They do expand, and 
the act of expansion chills them. You remember that when 
we sucked air out of a bottle the vapour at once expanded, 
became cool in uoing so, and formed a thin mist. 

Why the Sky became dark.— The heat of the sun 
continued to send up columns of vapour, until at last a very 
-dense cloud was collected, so big and so thick that it shut 
out much of the sun's light. Then we had to burn candles. 
The sunbeams which struggled through the roof of cloud 
took an amber colour. When the cloud was seen with the 
light falling on it, it looked lead-coloured. Here is a sheet 
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of orange glass. I put a piece of blue cloth behind it, and 
it looks dull and nearly black. I hold it up to the window, 
and the light which comes through is yellow. In the same 
way a very dense cloud looks dark when it has a dark back- 
ground, and when wo Lok at it from the same side as that 
on which the light falls ; but it looks yellow when it is 
between ns and the light. 

Clouds turned to Rain. — When enough vapour had 
condensed to form a very thick cloud, the minute drops of 
water began to run together and form bigger ones. These 
now fell very slowly towards the earth. As they fell, they 
hit against other drops, which mingled with them, and 
made them bigger. After falling through a mile or two of 
dense cloud, they were big enough to spot the pavement 
with circles an inch across. 

Why big Drops fall faster than little ones.— Do 

you understand, I wonder, why big drops fall faster than 
li f tie ones? It is because they offer less surface to the air 
in proportion to their weight than little drops. Suppose 
we hud a marble an inch in diameter. Eight marbles, each 
halt an inch in diameter, would weigh just as much. The 
surfaces of the eight marbles, if measured carefully, would 
add op to twice as many square inches as are contained in 
the surface ~f the large marble. When you are older, you 
will learn to \ ro\ _ by calculation that this is exactly true, 
but I can help ; >u to see it by means of a model. Here is 
a large sheet of white paper, cut into gores. The gores 
can be fitted together, so as to cover a large ball very 
fairly. * 

I have also a smaller sheet of black paper, cut into the 
same number of gores, each of which is just half the height 
and half the width of the white ones. The black gores can 
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be fitted together, so as to cover a ball hal£ the diameter 
of the large one. Now when I lay the black paper over 
the white one, you can see for yourselves that the black 
gores cover half of the white ones which thgy touch, and 
that they only touch half of the white gores at all. That 
is to say, the black paper is exactly one-fourth of the size 
of the white paper. Eight black papers exactly like this one 
would cover just twice as much surface as one white paper. 



Fig. 124. — How TO MAKE THE MODEL. GORES OF WHITE AND BLACK 
Paper. 


Now eight black papers would cover eight small balls, each 
half the diameter of the large ball, which could be covered 
by the white paper. The eight small balls would weigh 
just as much as the single large one. 

So you see that if eight little drops of water run to- 
gether to form one large one, they reduce the surface offered 
to the air by one-half. 

[A wood-turner will readily make a large ball, and eight small 
ones of half its diameter. Paper gores can then be cut to fit each 
size of ball. The circumference of the large ball, measured with a 
string, gives the length for the gores. Half the circumference 
gives the height. Measure this space out on white paper, and 
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divide it into any even number of gores, as in the figure. Mark out 
the black gores in precisely the same way, keeping the same number, 
but halving each dimension. A common balance will show that the 
eight small balls weigh as much as the one large one. The sheets of 
paper show that they expose twice as much surface.] 

Now the more surface any body exposes to the air in 
proportion to its weight, the more slowly it will fall through 
the air. Bits of paper or feathers fall very slowly, because 
they expose so much surface in proportion to their weight. 

I have here two sheets of paper of the same size. One 
I squeeze into a hard round pellet, while I leave the other 
flat and smooth. I hold both of them high in the air, one 
in each hand, and let them drop at the same instant. The 
crushed -up paper falls to the ground long before the other. 
Both are of the same weight, but one exposes much more 
surface than the other. 

If we could divide a drop of water into eight little 
drops, they would expose twice as much surface, and would 
fall more slowly in consequence. If we were again to divide 
each of the little drops into eight, we should double the 
surface again. By repeating the operation till we reached 
a size so small that the drops could not be seen by any 
microscope, we should get drops which would not fall 
a foot in an hour, and the drops of water in a cloud are as 
small as these. But when they run together, they form 
big drops, each perhaps weighing as much as some millions 
of the little ones, and these big drops fall very fast 
indeed. 

[Here a sharp pupil may recollect the famous experiment of 
Galileo on falling bodies, and ask why a big stone falls to the ground 
in the same time as a little stone, if a big drop of water falls faster 
than a little drop. It may be explained that a stone of half a pound 
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weighs several thousand times as much as any raindrop. The 
weight is so large that, compared with it, the resistance of the air 
goes for nothing, and an increase or decrease in the surface no 
longer counts. 

♦» 

Winds set up. — While the column of air and vapour 
was rising into the sky and spreading out above, air was 



sucked inwards from all sides. The light winds which blew 
during the morning were probably caused by this indraught 
of air. The air would not move quite straight to the 
column, any more than the water in a bath moves straight 
to the waste-pipe in the bottom when the plug is lifted. It 
would be sure to get a twist, and to move round and round 
in an eddy. 

Diagram of a storm. — The ascending column is set 
spinning in consequence, like a top on its peg, though very 
slowly. It does not keep fixed to one place, but travels 
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along, as the spinning top often does. All our big storms 
travel pretty much in the same direction — that is, from 
south-west to north-east. The little storms, such as our 
summer showery are not so regular in their course. I show 
you here a diagram of a storm, which happens to be like 
that of this day. 

The storm travels in the direction of the big arrow 
(S.W. to N.E.) . The winds blow inwards from all sides in 
the direction of the small arrows. Suppose that you 
kept still in one place and watched the storm, and let 
us further suppose that the part of the storm marked 
A on the storm-chart be exactly overhead at first. As 
the storm drifted along to the north-east, b would come 
overhead, then c, and then D. Now the chart shows you 
that the wind will blow from the east when a is overhead ; 
from the south-east when b is overhead ; from the south 
when c is overhead; and from the south-west when D is 
overhead. To anyone who keeps still while the storm 
travels over him, the wind will appear to veer, blowing 
from different quarters one after another, though the wind 
really goes on circling in the same direction, as the storm 
travels along. 



268 


LESSON XXIY. 

THE COURSE OF A RIVER. 

The purposes of the Lesson have required some changes 
( chiefly omissions) of little importance , but nearly 
everything that is said of this river will be found to be 
true of the Tees . 

Choice of a River. — There is a river in the north of 
England which is more beautiful in my eyes than any 
other stream that flows. I do not mean to say that every- 
body would admire it quite as much as I do. It is because 
I have spent many a summer holiday on its banks that I 
prefer it to all others. Let me tell you what is to be seen 
along its course. We will begin at the sea, and follow it 
up to its source among the hills. 

Mouth of the River. — The mouth of this river is a 
wide frith of salt water. Ships sail upon it, and many a 
collier may be seen steaming in or out. The smoke of 
great ironworks rises here and there from the banks. 
Plains of sand are spread out in some places; in others 
there are mud-flats or salt-marshes. Hills are to be seen 
at no great distance, and one of these, a high hill on the 
south, commands a view of all the country for miles round. 

The estuary narrows very fast as we follow it inland. 
Where it is widest, you can hardly make out anything on 
the opposite shore except hills and the smoke of an occasional 
colliery or blast-furnace. Five miles higher up you can 
distinctly see a man walking on the other side. Another 
five miles, and the river, though still a tidal stream, deep 
enough to float a sea-going steamer, is so. narrow that you 
can read the names painted on the houses of business across 
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the water. Then comes the first bridge, above which the 
river can only be navigated by small craft. 

Tributaries. — Many tributary streams of good size 
flow into the main river, and these are fed by countless 
brooks and rills. A map of the whole valley looks like a 
tree with all its branches and twigs. 

A Weir. — As we go on ascending the river, we pass 
through a wide and fertile valley, dotted over with towns 
and villages. There are woods and plantations, meadows 
and cornfields, church towers and country houses. Before 
long we come to a weir, the first of many weirs, built across 
the river, with a mill hard by. We are now about twenty 
miles from the open sea. The weir is very strong, and 
built of large stones. It has sloping sides ; one of them 
looks up-stream, and is always under water, while the 
other is at times nearly dry. What is the use of a weir ? 
To pond up the water, so that it can be made to turn a big 
wheel. There is a sluice to run the water past the wheel 
when the mill is at work. Why is the weir so much 
broader below than at the top? In order that it may be 
as strong as possible. If it were not very strong, it would 
be swept away by the first winter flood. Why does the 
weir slant across the river? If it ran straight across it 
might be made ever so much shorter. Yes; but then it 
would not allow the water to escape over the top so easily. 
The longer the weir, the more room there is for the water 
to pass. This is very important when the river is flooded 
by heavy rains. A long weir is like a wide door, and 
gives free passage to the flood- water. * 

The River-plain and the Hills.— The river is here 
flowing through a wide, flat plain. When you look across 
this plain, you get no true notion of its real size. The 
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hills seem near and of a good height. They are really five 
or six miles away from the river on either side, and some 
of them are from 300 to 500 feet above the plain. A rise 
of 500 feet in five miles is not so much as it looks at first 
sight, though it is respectable for so flat a country as 
England. Let us measure it out on paper. A mile contains 
5,280 feet; and ten miles, which we will take as the whole 
width of the valley at this point, is 52,800 feet. 500 feet 
are to 52,800 feet as 1 is to 105. Let us draw the valley on 
paper of its true proportions. If you make the valley six 
inches wide, the hills will only be one-seventeenth of an inch 
high. Let us make our section ever so much bigger. I 
will draw it on the black-board, and make the river valley 
a yard wide. Still the hills only rise to one-third of an inch. 
How absurdly flat the valley looks ! Yet it is by no means 
flat when compared with other large valleys near the sea. 
The Thames valley below London is flatter still. Even if 
the valley had been only two miles wide, and the hills of 
the same height as now, it would have looked very flat on 
paper. The rise would be only about one-third of an inch in 
six inches, or an inch and two-thirds in a yard. But that 
would be a valley with fairly steep sides. If you had 
looked at this or any other valley, and then drawn its 
slopes according to your own impression, you would have 
made it much steeper than it really is. A slope seems to 
us steeper than it is, because we get a fair notion of its 
height, but not of its length. The whole length is not 
properly spread out before us ; we see it foreshortened, 
like a telescope held to the eye. If we were to go up in a 
balloon, we should be better able to judge of the width of 
the valley, but then we should not be able to judge of the 
height of the hills. 



TEE COURSE OF A RIVER. 


271 


Why is the Valley so wide ?— Why should the valley 
be so much wider than the stream which flows along it ? 
The river is quite out of proportion to the valley, which is 
several hundred times as wide. W e will try to answer this 
question a little later on. 

River Shingle. — What is this wide flat plain made of ? 
I think I can tell you something about it, for not long ago 
I saw a large gravel-pit a mile or so from the river, where 
men were busy carting pebbles and sand. You have only 
to walk a short distance by the river to see that its banks 
are made of clay, and mud, and sand, with rounded pebbles 
of all sizes. How did these things get there ? It is easier 
to trace the pebbles than the rest of the materials. I have 
gathered scores of them to see what they were made of. 
There were pebbles of limestone, and sandstone, and a hard, 
dark-coloured volcanic rock, called Basalt. I never found 
a single pebble of granite or slate. If the pebbles had 
been washed there by the sea there would have been 
plenty of both, for the shingle on the sea-shore, only a few 
miles away, travels steadily southward, and contains many 
pebbles of granite, and slate, and other rocks from distant 
parts of the coast. There are none such here, but only 
bits of rocks which occur in this very valley. It looks as 
if the pebbles had come down the valley, and had been 
borne along by the river. But how could the river carry 
pebbles weighing many pounds, or even half a pound ? A 
stone of anything like that size would surely drop to the 
bottom. It would drop to the bottom, but it would not 
stick there. It would be rolled along. Very big pebbles 
can be rolled along the bed of a stream in flood. I once 
saw big stones swept down a river like straws. It was 
in a rather narrow channel, not far from the top of a 
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waterfall. I wanted to plant a stone to rest my foot on in 
crossing, and I brought the biggest stones I could lift. 
But it was quite in vain ! One after another they were 
trundled along, and went over the fall. During floods very 
coarse shingle is swept down by torrents. I have seen 
a valley strewn with pebbles, many of them as big as 
my head. A week before, not a pebble was to be seen 
beyond the banks of the river. All was grass and hedges. 
But heavy rain came on. The river rose, swept away its 
bridges, and devastated the fields with shingle. Great 
banks of pebbles, large and small, lay piled upon the 
meadows, and rose in one place to the top of a wall which 
had managed to resist the fury of the torrent. 

You must remember that things do not sink so readily 
in water as they do in air. A stone loses from one-half to 
one-third of its weight merely by being placed in water. 

Bends of the River. — I have brought a map of the 
lower part of the river to show you. It is a very careful 
and accurate map, made by the Ordnance Survey. Look at 
the course of the river. How very crooked it is ! Do you 
see that nearly all the bends are rounded ? The river seldom 
changes its course suddenly, but forms loops. Why does it 
bend so often, and form loops of horse-shoe form ? You 
must watch a river for a few minutes in order to answer 
that question. I should advise you to choose a stream 
which is not very wide or deep, but fairly rapid. Look out 
for a sharp bend. You will find that the great rush of 
water is on the outer side of the bend, and that here the 
stream is deepest. On the inner side, the current is not so 
rapid, and the water is shallow. If the bend is very sharp, 
and the stream flows fast, you will be able to see a thing 
which you would hardly have expected, and that is, that 
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the surface of the water is higher on the outer side, and 
slopes gently towards the inner side. I can show you the 
same thing more plainly in a bowl of water. I put my 
hand into the jvater and move it round and round, so as to 
make the water circle pretty fast. Now you see that we 
have set up a tolerable whirlpool, and the water rises ever 
so much higher on the outside of the whirlpool than in the 
centre. Next I drop some fine sand int<? the bowl. You 



Fig. 126 .— Diagram showing how a River gradually shifts 
its Bed. 

The dotted line shows the new channel. 


see that it is quickly swept out of the swift current towards 
the inside, and collects towards the centre. In the brook, 
the sand and small pebbles are swept in the same manner 
away from the outer, and towards the inner side of the 
bend. This goes on day after day, and week after week, 
until the brook shifts its place. The outer side of every 
bend has been steadily scooping out, and the inner side has 
been piling up, and now the bend has grown larger, and 
makes a wider sweep. Sometimes two bends, on opposite 
sides of the same loop, work towards each other, until they 
meet The water then flows through the new and shorter 
cut, and the loop is deserted. In flat valleys with winding 
streams such deserted loops can often be seen half-full of 

R 
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water, or dry and grass-grown. The river never ceases 
shifting its course, and thus it travels from side to side 
over the whole width of the valley. 

Widening of the Valley. — This shifting from side to 
side and the turning over of the loose stuff in the bed of 
the river mean continual wearing down of the shingle, and 
gravel, and sand, and even of the rocky channel itself. 
Bough blocks lose their sharp corners and become rounded. 
Big round pebbles grate over one another, and grow smaller 
by degrees. Small pebbles are turned into fine sand, and 
swept down the stream. The river is something like a slack 
rope which is always twisting round. It wears a wide groove 
for itself, far wider than it ever fills, and if you give it 
plenty of time it will go on widening its channel to any 
extent. But most of the width of the channel is pretty 
sure to be choked with pebbles, and sand, and clay. I 
have tried to answer the question which we put a little 
while ago — Why is the valley so much wider than the 
stream which flows along it ? I hope you understand the 
explanation. 

The Work of the River. — The river goes on grinding 
and grinding without pause. When in flood it grinds 
fast ; when the water is low it grinds slowly, but it never 
stops grinding so long as the water flows at all. You can 
see the result if you look at the muddy water of a great 
river where it enters the sea. All that mud has been 
ground up by the river and its tributaries. Some great 
rivers carry a million tons of fine mud out to sea every 
day. 

The River among the Hills.— But we must be 
getting on, or we shall not reach the sources of the river 
to-day. Let us take the railway, and skip over the next 
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twenty miles or so. When we leave the train, we find 
ourselves among the hills. The river no longer flows in a 
wide plain, but in a narrow gorge with rocky sides, and a 
rocky bed. j^ow cliffs* overgrown with honeysuckle and 
ivy, are washed by the stream' Woods of ash and young 
oak clothe the banks. The mail-road which runs by the 
side of the river rises and falls continually ; in one place it 
is almost level with the water ; in another it is a hundred 



Fig. 127.— Basalt lying among Beds of Limestone and Shale. 


feet above it. The stream has changed its note. Lower 
down it glides with, at most, a gentle rippling sound, but 
here it rattles and roars over its stony bed. Two or three 
miles take us through the gorge, and then the valley 
opens out again. We see in the distance a town, with its 
bridge and ruined castle. Beyond the town we enter 
another gorge, whose sides are planted with woods. Mile 
after mile we follow the winding stream. In one place 
we come to a steep cliff, bared by the river, which flows at 
its foot. The bank has given way, and mqph of it has 
been swept down the valley. You see how the trees slope 
this way and that. Some are broken, some lie on the 
ground. Then we come to a point where the whole bank 
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has been carried away, A great face of day and earth 
rises sheer out of the deep water. Notice that here again 
it is the concave side of the bend that wastes and crumbles. 
We must climb by the side of the cliff, and make our way 
across the fields at the top. Once up the steep slope, we 
find to our surprise the fiat floor of a wide outer valley, 
out of which the gorge has been cut. 

A Moorland Valley. — Still we ascend ! We are now 
forty miles from the sea in a straight line, and, I suppose, 
four times as far along the bends of the river. The 
scenery changes once more. Now we see steep and bare 
hill-sides, stretching mile after mile, and rising a thousand 
feet and more above the sea. 

Basalt. — A thick bed of the volcanic rock called Basalt 
runs through these hills: You may remember that pebbles 
of this rock are found in the river-gravel all the way down 
to the sea. Once this Basalt was fluid, and intensely hot. 
It was pumped up from below, and forced by the pressure of 
imprisoned steam into any crevice that it could find. It 
squeezed in between the beds of rock, which then lay far 
beneath the surface of the ground, and lifted the whole 
weight until it formed a huge cake many miles wide, and 
more than two hundred feet thick in places. Slowly it 
lost its heat, and gave off its steam, and hardened into 
black rock. The rocks above and below it still show signs 
of the baking they got when this white-hot stuff was 
squeezed in between them. 

The wasting of the hills by countless brooks, which 
flow sooner or later into the main river, has at length 
brought the Basalt to the light of day, and a climb up the 
hill-side, or a walk of a few miles up the valley, will bring 
us to a spot where we can see it close at hand. Basalt is 
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far harder than the limestones, and sandstones, and shales, 
which are found above and below it. It weathers differently. 
When it has been long exposed to rain and frost, it does 
not split up, «as they do, into horizontal layers, but into 
upright blocks. These are of all sizes and shapes, three- 
cornered, four, five, or six-cornered, with flat sides. No 
doubt you have seen pictures of Fingal's Cave in Staffa, or 
of the Giant's Causeway in Antrim. The rock in these 
places is Basalt too, and forms columns far more regular 
than any to be seen here. 

Th6 Gorge. — As we look around we see that the Basalt 
stands out like a ledge from most of the hill-sides, and then 
drops suddenly in a step or cliff. At the foot of the 
cliff is a great heap of tumbled stones. The cliff of Basalt 
does not run straight across the valley. In the middle, 
where the stream is always flowing, the gorge has been 
worn much farther back than on the sides of the valley, 
where much of the Basalt is still left. If you were to put 
a slice of cheese between two slices of bread, and cut a 
sloping notch through the pile, you would see a V of cheese 
in the notch, like the V of Basalt in this valley. 

The Waterfall. — Next we have to walk along a winding 
glen, planted with trees, to reach a waterfall, whose sound 
can be heard some minutes before we see it. At last it 
comes suddenly into full view, one great sheet of water, 
tumbling over a cliff seventy feet high, into a deep pool. 
Here at last we have found the stream in the act of cutting 
through this stubborn rock. The running water slowly 
wears down the Basalt, but the pebbles $nd grit borne 
along by the river wear it down still more. Now and then 
a block is loosened from the cliff, and falls at once. You 
can see many such lying in and around the pool. Under 




Fig. 128 .— High Force, Teebjmle. 
Distant view. 


all the rock were equally hard it would wear down to a 
spout, or sloping channel, and would make a rapid instead 
of a waterfall. As things are, the softer rock crumbles 
away until great pieces of the overhanging Basalt are un- 
dermined and fall, leaving a vertical cliff behind. 
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Above the FalL — We climb up the steep slope by the 
side of the waterfall to get a wider view. Looking down- 
stream we see the shelf of Basalt running along the sides 
of the gorge, and getting higher and higher above the 
stream, until it bends round the hill-side, and is lost to 



Fig. 129 . — High Force, Teesdale. 


sight. Once that Basalt stretched across in an unbroken 
sheet, but the river has filed away at it for long ages, 
and has at length filed this deep notch. The work is 
still going on, and in time Basalt which is now deep in the 
hill-side will be brought to light, and cut through. Part 
will be ground to powder, and part will be left as a winding 
ledge overhanging [the river. 
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Let us turn and look towards the top of the fall. 
A wide country opens out before us, wild and bare for the 
most part, with plantations of firs, and heathery mountains, 
and a white road rising gradually to the s^ky-line. The 
river is soon lost to view among copses of alder. Look at 
these big stones ! Some of them are like haycocks. How 
did they come here? Well, you can see that they have 
got their comers broken and worn away. I fancy that 
they are now and then rolled along for a few yards at a 
time in winter floods. There are few small stones here. 
Everything that can easily be moved is swept down when 
the river is swollen by rain. 

We havo still many miles to go before we reach the 
springs of the river. Many waterfalls and many rapids 
have to be passed. Between one fall or rapid and the next 
is generally a strath , or stretch of flat ground spread with 
shingle and sand, in which the river forms loops and bends. 

Rate of rise and Rate of flow. — The bed of the river 
gets steeper and steeper as we ascend. In the thirty miles 
next to the sea, the total fall was only 380 feet, about 
13 feet to the mile. For the next ten miles it was 
00 feet in the mile. In the ten miles above that it rose to 
75 feet in the mile. After that the slope grows rapidly 
steeper, until we come to a rise of 1,200 feet in the last 
mile below the summit ridge. You would think that the 
river must rush very rapidly where the fall is great. It 
does flow very fast in places, but it is soon checked again, 
and on the whole it does not come down any faster than 
where it has a more level course. There is much time lost 
at waterfalls, where all the speed previously gained is 
destroyed, and the current has to begin again. Besides, a 
small stream meets with more resistance from the grdund 
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than a large one. A river only a yard deep rubs hard 
against the ground, and is prevented by that means from 
moving very fast. Double its depth, and the rate of Wow 
at the surface is increased, for the upper layers of water 
then glide over water , instead of over a rough and rocky 
bed. I know of a mountain stream whose rate of flow was 
timed by damming up the water for some hours, and then 
letting it go in one flood. Observers were stationed to note 
the time in which the water rose. It took an hour and a half 
to flow a distance of under three miles, the fall being 600 
feet. The rate of flow was therefore only about two miles 
an hour. A river flowing steadily in a nearly flat valley 
has been known to show a rate of four or five miles an 
hour towards the middle of its surface, but of course a 
great deal of the water in the river would flow much slower 
than that. The swiftest rivers are of large size, and flow 
along a gently sloping channel, without rapids or water- 
falls. The swiftest river I have ever seen is the Rhine 
between Strasburg and Mayence. There it is deep enough 
for large steamers. 

Screes. — I want you to look for a moment at this hill- 
side, covered with loose stones. The stones are not rounded 
like those in the bed of the river, but rough, with sharp 
edges and corners. Where did they come from? No doubt 
from that low cliff at the top of the slope, which is made 
of the very same rock. What has broken them small, and 
brought them down ? The frost. Cracks run through the 
rock, and in the winter it often happens that water makes 
its way into the cracks, and freezes there. The water 
swells a little in the act of freezing, and wedges bits of the 
rock out of their place. They do not fall at once, because 
they are frozen fast $ but when a thaw comes, a number 
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of pieces, great and small, are quite loose, and ready to 
tumble. This goes on, winter after winter, and at last 
there is a great bank of loose stones. We call them Screes . 
in the North Country. Sooner or later the loose stones 
get into a water-course, and are turned over, and rolled 
along, whenever the stream is in flood. Thus they make 
their way into the main river, and if they are not first 
ground to sand and mud, they roll over the big waterfall, 
and creep little by little down the valley. There are 
thousands of round pebbles buried in banks of drift* miles 
lower down, which once formed part of the very hill on 
which we are standing. The stones were wedged out by 
frost, and sent rattling down the screes. Then they slid 
and rolled along the bed of the stream, getting rounder and 
rounder as they travelled. Now they are resting for a 
time, it may be for tens of thousands of years. But it is 
only for a time. Some day the river will wash them out 
again, and carry them a stage farther. They will all get 
ground to powder in the end. 

The last Climb. — At last we set foot on the moors. 
There are no trees here, and no turf. All is heather, and 
coarse grasses, and peat, and white stones. Curlews and 
plovers scream around. The stream is so narrow that we 
can wade across anywhere. We have now risen above the 
sheet of Basalt, and are walking upon beds of limestone 
and shale. Runnels of water come trickling down from 
the swamps and wet slopes, and these are the springs of 
the river. No one can tell exactly where it begins. We 
have tracked it up and up, till it has parted into many 
threads of running water. Now let us push on to that 

* Drift means gravel or sand driven along the bed of a river. AVe speak 
of a bank of snow piled up by the wind as a snowdrift . 



THE COURSE OF A RIVER. 


283 


hill- top straight in front. We climb to the edge, and see 
on the further side new slopes with new brooks soaking 
through them, and running together to make other rivers. 
Her© is the water-parting , or water-shed, the very summit 
of the ridge. On one side all the water flows westward 
towards the Irish Sea ; on the other it is bound for the 
North Sea, though much of it will never get to the sea at 
all, but will be drunk up by the thirsty air on the way. 

What a glorious view! We see at our feet a wide 
plain, with low hills rising out of it, and clumps of trees, 
and here and there a white house. That thin haze is the 
smoke of a little market-town. I see the turns of a wind- 
ing stream, with the light of the afternoon sun reflected 
from its shining surface. There is the trail of white steam 
from a railway-engine speeding south. It seems to move 
slowly along, but we must remember that a long bit of 
road shrinks almost to nothing at this distance. Far away 
are the blue hills, peak beyond peak, and on the other side 
of the hills is the sea. 
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LESSON XXV. 

HOW PLANTS FEED AND GRQW. 

Wanted : — Duckweed floating on water . An epiphytal 

Orchid attached to a piece of hanging cork . Many 
nurserymen could sell or lend such a plant . A bottle 
filled with water and containing a small lump of ice . 
A plant , such as a Thistle , charred in a shovel over a 
hot fire. The blackened, remains , consisting mainly of 
Carbon , may be kept, in a wide-mouthed bottle , and 
labelled . Water-plants in a glass bowl , exposed to 

bright sunlight during the Lesson . 

What do Plants live on ? — I want to tell you some- 
thing about the growth of plants, but let us first find out 
what you know already. Can anyone tell me what plants 
live upon ? 

Someone answers, Earth. Another says, Earth and 
Water. Well, these are not bad answers. You have 
noticed that most plants are rooted in the earth, and that if 
the stem or all the roots are cut through, so that the plant 
can draw nothing from the earth, it soon dies. Again, 
those children who tell me that a plant lives upon earth and 
water have probably noticed that it soon withers in perfectly 
dry earth, but revives if the earth is watered. Let me now 
ask you if earth is quite necessary for the growth of plants. 
Have you ever seen a plant growing and thriving without 
any earth at all about its roots ? 

One child mentions a Hyacinth-bulb grown in a glass 
jar full of water. Another perhaps mentions Duckweed 
floating on the top of a pond. A third has seen an Orchid 
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in a green-house, fastened to a hanging piece of cork, with 
its roots spreading into the air, and with no earth at all 
about them. A fourth child mentions Ferns and weeds, 
which he has seen growing out of 
the crevices of a wall high above 
the ground. But here we cannot 
be quite sure that there was no 
earth about the roots. There 
would probably be some crumbled 
mortar, or dust blown by the 
wind, in the crevices. 

Plants must have Water.— 

The examples mentioned show 
that while most plants require 
moist earth about their roots, some 
can do without earth if they 
have plenty of water. One has 
been named which seems to thrive 
without either earth or water. 

Which was this ? You will recol- 
lect in a moment. It was the 
Orchid in the green-house. But 
perhaps, after all, the Orchid may 
have had water brought to it. 

You know that water may be 
present when it is quite in- 
visible. What do we know about invisible water — water 
which cannot be seen? Why, of course, this is water- 
vapour, or steam. There is plenty in the air of this room. 
How can we prove that it is there? I t>ring into the 
room a very cold object, such as a bottle filled with ice- 
cold water, and the invisible water in the air settles at once 



Fig. 130. — Duckweed. 
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upon the bottle in the form of fine drops. The invisible 
water becomes visible. The water-vapour or steam becomes 



Fig. 131 . — An Epiphytal Orchid ( Acineta Humboldtii). 


liquid. Sometimes we say that the steam is condensed . 
Where did the invisible water- vapour which fills the room 
come from ? From the drying-up or evaporation of liquid 
water — that is, water which can be seen, or poured from 
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one vessel into another. All damp things contain liquid 
water ready to dry up, A wet sponge may give out enough 
water- vapour to fill a room. Much of the water- vapour in 

this room comes from our own bodies. If the room is full 

0 - 

of people, the air will contain a great deal of water-vapour, 
and in cold weather it will become condensed on the 
window-pane in the form of drops. Why on the window- 
pane ? Because it is coldest there. 

The Orchid that we have been talking about has really 
had as much water supplied to it as it requires, but the 
water was not visible or liquid ; it was water- vapour, or 
steam. 

Plants require Carbon also. — We have got as far as 
this, that plants require water, and that most plants 
require earth as well. Is that all that they want, or do 
they obtain food from anything else? We can throw 
some light upon this question by charring a plant. Take 
any fresh-gathered plant of convenient size, shake off all 
the earth from the roots, dry the plant in the oven for a 
few minutes, and then put it into a large shovel, and hold 
it over a hot fire. Take care that the shovel does not 
become too hot, or the blackened remains will begin to 
glow, and in a few minutes will waste away, leaving 
nothing but white ash. If we char the plant carefully, we 
shall have nothing but a black and shrivelled object left in 
the shovel. The water contained in the living plant has gone 
off as steam, and some other things which helped to make 
up the living plant have gone off as smoke. What 
remains consists almost entirely of charcoal or Carbon. 
Now you see why we did not allow the plant to get red- 
hot. Had we done so, the charcoal or Carbon would have 
united with the Oxygen of the air, and burnt away. 
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What would have been formed by the Carbon and Oxygen 
when united by burning ? Carbon Dioxide. 

So long as a plant lives, it goes on adding to its store 
of Carbon, A young seedling contains very little Carbon, 
not enough to fill a thimble. A full-grown tree contains 
very much Carbon, enough to fill a cart. Where does 
the Carbon come from ? 

Plants get Carbon from the Air. — Air, we know, 
contains some Carbon. It is true that there are no specks 
of unmixed black Carbon to be seen in the air, except in 
smoky towns. The Carbon in the air is all cornbined. 
With what? With Oxygen. What do the Carbon and 
Oxygen form when combined? Carbon Dioxide. How 
can we prove that Carbon Dioxide exists in the air ? Well, 
we have proved that once before. You remember that we 
left some Lime-water exposed to the air, and that the 
Lime-water, which was at first quite clear, slowly turned 
milky, because of the formation of Chalk — Carbon 
Dioxide combined with Lime. All the Carbon Dioxide 
came from the air around. We know then that there 
is Carbon Dioxide in the air, from which plants 
might possibly obtain a supply of Carbon. Can living 
plants break up Carbon Dioxide, and obtain from it the 
Carbon which they require? Yes, they can. We can 
almost see them at work when we feed the leaves of a 
living plant with Carbon Dioxide, and watch what goes on 
with the help of a microscope. But it is quite impossible 
to. show a number of persons at once what takes place 
inside a living leaf, and even if you were to see for your- 
selves, you would understand very little about it as yet. I 
must be satisfied for to-day with convincing you that the 
living plant stores up Carbon, that it does so when the 
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water and earth contain no Carbon at all, and that it gets 
all its Carbon from the Carbon Dioxide of the air. 

Green Plants break np Carbon Dioxide, and set the 
Oxygen free. — Carbon Dioxide consists of two things — 
Carbon and Oxygen. We have seen what the living green 
plant does with the Carbon ; it stores it up for food. What 
becomes of the Oxygen ? If the sun favours us by shining 
brightly I can show you. 

Here is a glass bowl con- 
taining a number of green 
water - weeds, which have 
been standing for some 
hours in the sun. If you 
watch them closely, you will 
see now and then a tiny 
bubble rising from the 
weeds to the top of the 
water. Sometimes a regular 
train of bubbles will be seen 
to rise from the same leaf 
one after another. We can 
collect these bubbles in a 
glass tube. Do not forget i 
that the tube must be com- 
pletely filled with water at Fig. 132. — Collection of Oxygen 
starting, and that its open ^ r J rATEK ' WEEn8 ' {After 
mouth must be turned down, 

and kept below the surface of the water in the bowl. 
If we do not take some pains, air will rush in and fill the 
tube.* A good deal of time is wanted to collect enough 

* It is convenient to cover a number of plants with a glass funnel turned 
upside-down, and to invert the collecting-tube over the pipe of the funnel. 
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bubbles to examine properly. If the experiment is made 
carefully, it is possible to prove that the gas collected in 
this way is Oxygen, but I cannot attempt to prove it to- 
day. 

Recapitulation. — Before we go any further, let us 
consider what we have learnt so far. What do plants 
require as food ? All require water and Carbon Dioxide. 
Most plants thrive best when planted in the earth, but some 
can live in water or in air. Give examples of each kind. 
Mention a plant which can thrive on air, and the water- 
vapour and Carbon Dioxide always found in air (page 285). 

Why is Carbon Dioxide necessary to plants ? Because 
they get from Carbon Dioxide the Carbon of which a great 
part of their substance consists. How can we prove that 
a plant contains much Carbon ? By charring it. What 
happens if a plant is kept without any Carbon Dioxide ? 
It is starved and dies. What becomes of the Oxygen con- 
tained in the Carbon Dioxide taken into the plant ? It is 
separated from the Carbon, and set free. Under water, 
bubbles appear upon green leaves when exposed to sunlight. 

Something else required. — I have told you that all 
plants require as food water and Carbon Dioxide, but you 
must be careful not to suppose that they require nothing 
else. Out of water and Carbon Dioxide a plant can form 
what we may call its skeleton, but something else is wanted 
for the growth of its living substance. I will explain 
what is meant by skeleton and living substance. 

The Skeleton Of a Plant. — The skeleton of a plant is 
not very like that of an animal. It does not consist of 
bone, but of paper, * or of wood and paper. No muscles 

* * Not manufactured paper, of course, but the same substance in its natural 
form. 
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are attached to it. It consists of a vast multitude of cells, 
or compartments, which contain what I have called the 
living substance. If you dry a leaf or a whole plant, the 
living substance shrinks almost to nothing, but the skeleton 
is not much altered. If you heat the dried plant strongly, 
the skeleton turns black, as paper would do. It contains 
much Carbon, just as paper does. 

Is it strictly true that the skeleton of a plant consists of 
paper? Well, let us consider what paper is. It is made 
from linen rags, or sometimes from wood and straw. These 
things are torn to pieces in water, bleached or made white, 
and mixed into a pulp, which is spread out very thin on 
wire frames and dried. Where does linen come from? It 
is woven from the fibres of the Flax plant. Wood consists 
of the fibres of trees, and straw consists ©r the fibres of 
Wheat plants. So you see that paper is made from the 
skeletons of plants and nothing else. 

The living Substance of a Plant.— The living 
substance consists mainly of water, and when the plant is 
dried, it perishes, and shrinks up almost to nothing. You 
might think that it was of less importance than the skeleton, 
for the skeleton by itself keeps the shape of the plant very 
fairly, while the living substance, if squeezed out from the 
skeleton, would be merely a kind of watery juice. But it 
is the living substance which feeds, and grows, and stores 
dp Carbon, and makes the skeleton. 

Paper can be made by Plants from Air and 
Water.— I think it is true that a living plant might make 
the paper of which its skeleton consists fromuir and water ; 
at least, air (including a little Carbon Dioxide) and water 
contain between them Carbon, Hydrogen, and Oxygen, 
and paper contains nothing more. But the plant wants. 
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something more to support its own living substance, and it 
could not continue to make paper very long if it were 
starving. 

The living Subsvance requires combined Nitrogen 
and Other things* — The living substance, too, contains 
Carbon, Hydrogen, and Oxygen, but it contains something 
more. It contains things which plants, or at least most 
plants, cannot get from air and water. Nitrogen is one of 
these. You may perhaps be surprised to hear that plants 
cannot get all the Nitrogen they want from the air. Four- 
fifths of the air we breathe is Nitrogen ; surely that is 
enough ! Yet if we raise a seedling in a Hyacinth-glass, 
and give it as much air, and water, and Carbon Dioxide as 
it requires, it is miserably starved, and the stock of Nitrogen 
which it had to begin with is not increased. The plant 
must have combined Nitrogen ; the pure gas is of no use 
to it. Saltpetre is a compound containing Nitrogen, and 
that will do very well. If you add a few grains of saltpetre 
to the water, the plant begins to mend. Pour away the 
pure water, and add some water which has soaked through 
rich garden mor 1 1, and the plant will do better still, 
especially if you give it saltpetre from time to time. I 
have kept seedlings in glasses of water till they flowered, 
merely by dissolving in the water small quantities of 
saltpetre, and salt, and compounds of lime, and iron, and 
other things always found in the soil.* 

These necessary parts of the Food of the Plant are 
taken up by the Boots. — The plant growing in a Hyacinth- 
glass can take up these thingg from the water by its roots. 

* Here someone may ask whether Hyacinths do not bloom when supplied 
with pure water only. The questioner should be reminded that a Hyacinth- 
bulb contains a large store of food of all kinds, saved up when it grew in the 
ground, 
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The plants in the garden or the field take them up in much 
the same way. Boots drink up the water of the soil, and 
this water contains small quantities of pretty nearly every- 
thing which ja plant wants. The water flows from the 
roots into the stem and leaves, and supplies every part of 
the plant with necessary food. 

The Leaves evaporate much of the Water.— The 

leaves breathe out a good deal of water, especially when 
the sun shines bright, and thus a constant upward flow is 
kept up. Water rises from the roots to the leaves, and 
passes out from the leaves into the air. But the useful 
things dissolved in the water do not pass out, but are saved 
by the plant. Do you remember that when water con- 
taining salt is distilled, the salt remains behind? (See 
Lesson XX.) 

Some Exceptions. — There are certain plants, like an 
Orchid growing on cork, which can hardly get their 
combined Nitrogen, or Lime, or Iron through their roots. 
If the) do, they must be satisfied with a very sin all quantity 
indeed. I am not sure that we understand how these 
plants manage. They certainly appear to get all they 
want from the air, and the Carbon Dioxide and water- 
vapour of the air. But a little combined Nitrogen and 
other things may reach them in ways that we do not know 
of. There are other plants which have no roots at all. 
How do they get on ? Roots are almost as necessary to a 
plant as a mouth to an animal. Well, there are animals 
which have no mouths, so perhaps we need not be very 
much surprised to hear of plants which 1 have no roots. 
There are very many ways in which both animals and 
plants get a living, and we do not fully understand all of 
them. 
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LESSON XXVI. 

WHY LEAVES ARE GREEN. „ 

Wanted : — Some green leaves . Methylated Alcohol (six or 
eight ounces), A spoonful of Starch, A spoonful of 
flour . A piece of bread. A raw potato. Two Primrose - 
plants in pots, one exposed to sunlight , the other kept in 
the dark for twenty -four hours. Tincture of Iodine ( one 
ounce) , diluted with water till it has the colour of 
sherry. Two wide-mouthed bottles containing Primrose- 
leaves subjected to sunlight under the conditions explained 
on page 298. A beaker of green scum from a stagnant 
pond. Filter-paper and funnel. Some cups, saucers, and 
glass beakers . Bright summer sunshine is required. 

The green Colour of Leaves.— Everyone knows that 
leaves are green. Very nearly all leaves are green, but 
there are a few exceptions. Can anyone mention one? 
[Copper Beech, Beet, etc., may perhaps be named. Golden 
Feverfew and other garden varieties are of a very yellow 
green. It may be pointed out that all the leaves named 
contain plenty of green colouring-matter, disguised by red 
or yellow. Trees in autumn are often yellow or red. Here 
the green colouring-matter is changed into a different 
substance.] Let us find out what we can about this green 
colour. 

Not soluble in Water. — If you put a green leaf into a 
saucer of water no colour comes out. It is hardly worth 
awhile to try the experiment over again, because we have 
often seen green leaves floating in a pond or puddle, and 
we know that the water is not tinged by the leaves ; but 
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we will filter some of the green scum from a pond. You 
will see that the water runs off clear and colourless. If you 
like to soak a leaf in water for an hour, you will see that 
both the leaf and the water remain unchanged. Even if 
you mince tie leaf first, cutting it up into small pieces 
with scissors, the green colour will hardly come out into 
the water at all, but some small green particles will come 
out, and give it a very doubtful greenish tint. Boiling in 
water brings out more of these green particles, but the 
green colouring- matter remains in the leaves with hardly 
any change. We say therefore that the green colouring- 
matter is not soluble in water. 

Soluble in Alcohol. — Now chop up some leaves, and 
put them in a saucerful of Alcohol. [What is sold at the 
druggist's as Methylated Spirit will do very well.] The 
Alcohol is soon tinged green, and after a time all the colour 
is washed out of the leaves. The colouring-matter therefore 
is soluble in Alcohol . 

We might have guessed that the colouring-matter would 
not be soluble in cold water, for we know that leaves are 
often drenched with heavy rain without any change of 
colour ; but we could not have told, without trying, that it 
would turn out to be soluble in Alcohol. 

How to bleach green Leaves.— If we want to remove 
the colour from a leaf as quickly as possible, we boil it in 
water for two or three minutes, and then soak it in Alcohol. 
In about a quarter of an hour it is almost colourless, but 
the Alcohol is now turned to a beautiful green. It is 
necessary to show you how to take the green colour out 
of leaves, in order that you may make a little experiment 
later on. 

Chlorophyll. — I find it tiresome to go on talking about 
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the green colouring -matter of leaves, so I will use a single 
word, which has been invented to signify the same thing. 
This green colouring-matter is called Chlorophyll (pronounced 
Klor-o-fill) . It is Chlorophyll which makes leaves green. 
Not only green leaves, but purple and yellow leaves also, 
generally contain plenty of green Chlorophyll, mixed with 
red or yellow colouring-matter. 

Let us now try to make out what is the use of the 
Chlorophyll. We should never find it by guessing, and it 
took more than a hundred years to find it out by experi- 
ments. 

I must first talk to you a little about Starch. 

Starch. — Starch is used to stiffen linen, but perhaps 
you do not know that it is very plentiful in flour and bread 
and potatoes. It is chiefly because bread and potatoes 
contain so much Starch that we eat them, but they con- 
tain other things besides Starch which are useful as food. 
The Starch used in the laundry has been purified, by leaving 
out all these other things. It is not difficult to tell Starch 
from other white substances which look like it at first 
sight. A solution of Iodine is a ready way of proving 
whether Starch is present or not. The solution should be 
rather weak, about the colour of beer or sherry. Add a 
little of the solution to some Starch-paste. A blue colour is 
immediately seen. Add a little more to some flour-paste. 
The blue colour is again seen. Pour a little of the solu- 
tion on a piece of bread, and then on a slice of raw potato. 
In each case the bluish colour is immediately produced. 
We find, then, that a blue colour with Iodine solution is 
a test for Starch . 

Starch formed in green Leaves.— Now Starch is 
regularly formed in green leaves, and all the Starch in the 
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world has been formed there. It may be stored up in 
grains, as in Wheat; in roots, as in Arrowroot; in stems, 
as in the Sago Palm ; but it was first of all formed in green 
leaves. This is the chief reason why plants have leaves, 
and why their leaves are green. Green leaves are princi- 
pally useful for forming Starch . 

Starch useful as Pood. — Starch is important to us 
as a food. It supplies our bodies with things which are 
daily used up, and which are necessary to keep them in 
health and activity. This Starch, which we separate from 
potatoes or wheat by grinding and washing, was originally 
intended as food for the plant. Plants , like ourselves , use 
Starch as food. 

By the help of a microscope we can actually see the 
tiny grains of Starch forming in a green leaf, but I cannot 
show you this to-day, The little Starch-grains grow very 
fast, and are soon used up, All the new parts, such as new 
leaves or new flowers, are formed to a great extent, but 
not altogether, out of Starch. 

Starch formed in Sunlight.— I have told you that 
Starch is formed nowhere except in green leaves. The 
next thing to notice is that it can only be formed in sun- 
light. Let us try an experiment which will make this 
clear. 

Take two small plants of the same kind — two Primrose- 
plants m pots will do very well. We must lock up one 
in a cupboard the night before we mean to make our 
experiment, and keep it in the dark till the time comes. 
The other must be put in the garden so as to get all the 
sun it can. Bright weather is necessary for a good result. 

When one of our Primrose-plants has stood in the sun 
for several hours, while the other has been left in the dark 
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all the time, we can find out how much Starch each has 
formed* Cut off a leaf from each. Mark the one that has 
been kept in the dark. This can be done in a moment by 
snipping off the tip. Now remove all the Chlorophyll from 
bothjeaves. You know how this is done. First we boil 
the leaves in water, and then soak them in a saucerful of 
Alcohol. Both leaves are soon turned to a pale yellow 
colour, without any green colour about them. Take them 
out of the Alcohol, and put them into another saucerful of 
weak Iodine solution. In two or three minutes one of the 
leaves will turn purple or bluish, while the other remains 
yellow as before. Now the purple or bluish tint is a mark 
of the presence of Starch, and you will see that it is the 
leaf not snipped at the tip which has turned purple. That 
is to say, the green leaf which has been exposed to the sun 
contains plenty of Starch , but the green leaf which has been 
kept in the dark contains none . 

Starch cannot be formed without Carbon Dioxide.— 

Now let us make a fresh experiment. I have here two 
wide-mouthed glass bottles. Each contains a Primrose-leaf. 
Both the bottles are filled with what looks like common air, 
but there is a difference between them. One bottle contains 
a little more Carbon Dioxide than common air, while the 
other has had all the Carbon Dioxide carefully removed 
from it. You know by this time how to make Carbon 
Dioxide. Some acid, such as dilute Hydrochloric Acid, is 
poured upon Chalk in a flask, so as to set Carbon Dioxide 
free. The gas is allowed to stream for a moment into one 
of the two wide-mouthed bottles, which is then carefully 
closed. The stopper should be well greased beforehand, in 
order to prevent the escape of the gas. The other bottle 
has had a few drops of Potash solution poured into it, to 
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absorb or drink up all the Carbon Dioxide* Both bottles, 
with the leaves in them, have since stood in the sun for 
several hours. We shall examine the leaves as before. 
They are marked, boiled in water, soaked in Alcohol, and 
finally soaked in a weak solution of Iodine. You now see 
the result. The leaf which has had plenty of Carbon 
Dioxide supplied to it is full of Starch, while the leaf which 
has been kept away from Carbon Dioxide contains no Starch. 
Here is a fresh fact for us. We now see that green leaves 
in sunlight can form Starch if Carbon Dioxide is supplied 
to them , but not otherwise. 

Before we go further, let us see what we have learnt 
about the formation of Starch in leaves. We have 
found : — 

1. That there is a green colouring-matter, called Chlo- 
rophyll, in all green leaves. 

2. That Chlorophyll is soluble in Alcohol, but not in 
water. 

3. That Starch can be detected by the blue colour 
formed when an Iodine solution is poured upon it. 

4. That Starch is used for food, both by plants and by 
ourselves. 

5. That Starch is formed only in leaves coloured green 
by Chlorophyll. 

6. That it is formed only in green leaves exposed to 
sunlight. 

7. That it is formed only when the leaves are supplied 
with Carbon Dioxide. 

How Starch is formed. —You will now understand 
something of the way in which Starch is formed. The 
leaves take in Carbon Dioxide; they separate the Carbon, 
and use it in forming Starch ; they have no use for the 
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Oxygen, and allow it to escape. It is quite easy to show 
that Starch contains a great deal of Carbon* Take some 
Starch-powder, and put it in a clean dry test-tube. Heat 
it strongly in the flame of a spirit-lamp* A dew of small 
drops of water will condense Upon the cool sides of the 
upper part of the test-tube. Then the Starch will turn 
brown, and gradually become quite black. The black 
substance which is left behind, when all the water and 
gases are driven off by heat, is Carbon. It would not be 
very wide of the mark to say that leaves join together 
Carbon and water to form Starch, but this is not exactly 
what happens. To tell the truth, the wisest of us do not 
know all about the formation of Starch in plants, and 
we should be quite unable to make it for ourselves. 

Starch insoluble in cold Water.— There is another 
thing about Starch which I have yet to explain to you. 
Starch is not soluble in cold rO titer* Try it for yourselves, 
but first consider how you ought to go to work. If you 
think for a moment you will see the right way. Let us 
first make a little Starch-paste with cold water, so as to 
get the Starch thoroughly wetted with water. Then stir 
it up in a cupful of water, and let it stand. The Starch 
will settle slowly to the bottom. Is any left in the water? 
Perhaps a little, for the water is not quite clear. Let us 
filter the water through a piece of filter- paper stuck in a 
funnel. Now the water is quite clear. Does it still contain 
any Starch dissolved in it ? We can test this. How? 
By our Iodine solution, of course. Pour a little of the 
solution into the clear water which has run from thb filter. 
Is any blue tint produced ? No. Then the water contained 
no Starch. You now see how to prove that Starch is in- 
soluble in water. 
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How Starch travels up and down in a Plant.— But 

here comes in a difficulty, If Starch is insoluble in 
water, how does it travel up and down in the plant, so 
as to reach qll the parts which need food? If it could 
have been dissolved in the watery sap, we could have 
understood how it might be carried about, but solid particles 
cannot well be carried for any distance through leaves or 
stems. When you know more about the way in which 
plants are built up, you will see plainly that no solid 
particles can travel even for a quarter of an inch through a 
leaf. We seem to have got into a hopeless difficulty. 
But our difficulty simply proceeds from the fact that we 
have not learnt quite enough about Starch. Starch is 
very easily changed into a substance like Sugar, which 
dissolves in water, and it is also easily changed back again 
into common Starch, When the sun shines upon the 
leaves, the dissolved Starch soon becomes solid again, and 
quite insoluble in water, but in the dark it is very ready to 
change into the other form, which is perfectly soluble in 
water. Starch is therefore formed only by day , but it 
passes out of the leaves chiefly by night . All the Starch 
which we found in our Primrose-leaves was not fresh- 
formed from Carbon Dioxide. Some of it had no doubt 
been circulating in the dissolved state for some time. 

A green Plant deprived of Leaves would starve.— 

What would be the effect of removing all the leaves from 
a plant, and cutting off the new ones as they came out ? 
Why, the plant would not be able to separate Carbon from 
the Carbon Dioxide of the air ; it could form no Starch ; 
and the roots and stem would soon suffer for want of food. 
If you kept on removing the leaves for a long time, the 
plant would die of starvation. 
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Now let us gather up the substance of our lesson into a 
few words. 

1. Green plants form Starch in sunlight. 

2. They must be supplied with Carbon Dioxide in order 
to do so. 

3. O/cygen is set free at the same time. 

4. Starch is food for the plant, and we take it away 
from the plant in order that it may be food for ourselves. 

5. Green leaves are chiefly useful to the plant as a 
means of forming Starch. 
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Ladies' Physician, 'the. A Guide for Women in the Treatment of 
their Ailments. By a Physician. 6s. 

Lady Biddy Fane, The Admirable* By Frank Barrett. 5s. 
Landscape Painting in Oils, A Course of Lessons in. By A. F. 

Grace. With Nine Reproductions in Colour. Cheap Edition, 25s. 
Law, How to Avoid. By A. J. Williams, M.P. is. Cheap Edition. 
Legends for Lionel. By Walter Crane. Coloured Illustrations. 5s. 
Letts *s Diaries and other Time-saving Publications are now pub- 
lished exclusively by Cassell & Company. (A list free on application.) 
Life Assurance, Medical Handbook of. By James Edward Pol- 
lock, M.D., and James Chisholm. 7s. 6d. 

Local Government in England and Germany. By the Right Hon. 
Sir Robert Mokier, G.C.B., &c. xs. 


London (Ancient and Modern). From the Sanitary and Medical Point 
of View. By G. V. Poore, M.D.. F.R.C.P. Illustrated. S'. 
London, Greater. By Edward Waleord. Two Vols. With abodt 
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London, Old and New. Six Vols., each containing about ago 
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Longfellow's Poetical Works. Illustrated, £33® ■*» Popular Edition* xfis. 
Master of Ballantrae, The. By Robert Louis Stevenson. 5s. 
Mechanics, The Practical Dictionary of. Containing 13,000 Draw* 
ings. Four Vols. SIS. each. 

Medicine, Manuals fojr Students of. [A List forwarded post free,) 
Metropolitan Year-Book, The> Paper, bs. ; cloth, a fid, 

Metscrott, Shoemaker. Cr. 8vo, 58. 

Milton's L' Allegro and 11 Penseroso. Fully Illustrated. Cloth, as. fid. 
Modern Europe, A History of. By C. A. Fyffe, M.A. Complete to 
Three Vols. xas. each. 


Music, Illustrated History of. By Emil Naumann. Edited by the 
Rev. Sir F. A. Gore Ouseley, Bart. Illustrated. Two Vols. 31s. fid. 

National Library, Cassell's. In Volumes, each containing about 
so* pages. Paper covers, 3d. ; cloth, 6d. (A Complete List of the 
Volumes will be sent post free on application . ) 

Natural History* Cassell’s Concise. By E. Perceval Wright, 
M.A., M.D., F.L.S. With several Hundred Illustrations. 78. fid. 

Natural History, Cassell's New. Edited by Prof. P. Martin 
Duncan, M.B., F.R.S., F.G.S. Complete in Six Vols. With about 
a.000 Illustrations. Cloth, qs. each. 

Nursing for the Home and for the Hospital, A Handbook of. 
By Catherine J. Wood. Cheap Edition, xa. 6d. ; cloth, as. 

Nursing of Sick Children, A Handbook for the. By Catherine 
J. Wood. as. fid. 

Oil Painting, A Manual of. By the Hon. John Collier, as. fid. 

Our Own Country. Six Vols. with i,aoo Illustrations. 7s. fid. each. 

Painting, Practical Guides to. With Coloured Plates and full in- 
structions 


Marine Painting. 5s. 

Animal Painting. 58. 

China Painting. 5s. 

Figure Painting. 7s. 6d. 
Elementary Flower Paint- 
ing. 3s. 

Flower Painting, Two Books, 
38. each. 


Tree Painting. 58. 
Water-Colour Painting. 5s. 
Neutral Tint. 5s. 

Sepia, in Two Vols., 3a. each ; or 
in One Vol., 58. 

Flowers, and How to Paint 
Them. 58. 


Paxton's Flower Garden. By Sir Joseph Paxton and Prof. Lindlky. 

Three Vols. With 100 Coloured Plates. £1 is. each. 

People I’ve Smiled with. By Marshall PTWilder. as. ; cloth, as. 6d. 
Peoples of the World, The. In Six Vols. By Dr. Robert Brown. 

Illustrated. 78. fid. each. 

Phantom City, The, By W. Westall. 55. 

Photography for Amateurs. By T. C. Hepworth. Illustrated, is. 5 
or cloth, zs. fid. 

Phrase and Fable, Dictionary of. By the Rev. Dr. Brewer. Cheap 
Edition , Enlarged, cloth, 3s. fid. ; or with leather back, 4a. fid. 
Picturesque America. Complete in Four Vols., with 4.8 Exquisite Steel 
Plates and about 800 Original Wood Engravings. £2 as. each. 
Picturesque Australasia, Cassell's. With upwards of 350 Illustrations. 
Vol. I., 7s 6d. 

Picturesque Canada. With 600 Original Illustrations, a Vols. £3 3s. each. 
Picturesque Europe. Complete in Five Vols. Each containing 
13 Exquisite Steel Plates, from Original Drawings, and nearly 300 
Original Illustrations. Original Edition, Cloth, £»t; half. morocco, 
£31 zos. ; morocco gilt, £52 zos. The Popular Editio#* is published in 
Five Vols. * x8s. each. 

Pigeon Keeper, The Practical. By Lewis Wright. Illustrated. 3s. fid. 
Pigeons, The Book of By Robert Fulton. Edited and Arranged by 
L* Wright. With 50 Coloured Plates, 31s. 6d, ; half-morocco, £a as# 




Selections from Cassell % Company's Publications* 


Poet* , Cassell's Miniature Library of the : — 

Burns. TwoVols. as, 6d. 1 Milton. TwoVok as. M* 

Byron. Two Vols. as. 6d. Scott. Two Vols. as. 6d. [a*. 6d. 

Hood. Two Vola. as. 6<L Sheridan and Goldsmith, a Vols# 

Longfellow. TwoVols. as. 6d. . TwoVols. as. M. 

Shakespeare. Illustrated. In ia Vols., in Case, xas. 

Police Code, and Manual of the Criminal Law. ByC. E. Howard 
Vincent, M.P. as. a 

Polytechnic Series, The. 

Forty Lessons In Carpentry Workshop Practice. Cloth flit, ts 
Practical Plane and Solid Geometry, including Graphic Arithmetic. VoL I., 
Elementary Stage. Cloth gilt, «. 

Forty Lessons In Engineering Workshop Practice, zs. 6d. 

Technical Scales. Set of Ten In cloth case, zs. 

Elementary Chemistry for Science Schools and Classes. Crown 8vo, ts. 6d. 
Pope and the New Era, The. Being Letters from the Vatican in xSSp. 

By William T. Stiead, Author of ™ Truth about Russia." Cs. 
Popular Library, Cassell’s. Cloth, is. each. 

"" * The Story of the English Jacobins. 

Domestic Folk Lore. 


The Rev. Rowland Hill: Preacher 
and Wit 

Boswell and Johnson : their Com* 
panions and Contemporaries. 

History of the Free-Trade Move- 
ment in England. 

By Lewis Wright. With Coloured 


The Russian Empire. 

The Religious Revolution In the 
z6th Century. 

English Journalism. 

Our Colonial Empire. 

The Young Man in the Battle 
of Life. 

Poultry Keeper, The Practical. 

Plates and Illustrations. 3s. 6d. 

Poultry, The Book of. By Lewis Wricht. Popular Edition. xos.6d. 
Poultry, The Illustrated Book of. By Lewis Wright. With Fifty 
Coloured Plates. Cloth, 31s. 6d. ; half-morocco, £a as. 
Pre-Raphaelites, The Italian, in the N ationai Gallery. By Cosmo 
Monkhourk. Illustrated, is. 

Queen Victoria, The Life and Times of. By Robert Wilson. Com- 
plete in Two Vols. With numerous Illustrations. 9s. each. 

Quiver, The. Yearly Volume. Illustrated. 7s. 6d. 

Rabbit-Keeper, The Practical. By Cuniculus. Illustrated. 3s. 6d. 
Railway Guides, Official Illustrated. With Illustrations, Maps, &c 
Price is. each ; or in doth, as. each. 

Great Northern Railway. 

Great Western Railway. Revised and Enlarged. 

London, Brighton and South Coast Railway. 

London and North-Western Railway. Revised and Enlarged. 
London and South-Western Railway. 

Midland Railway. 

South-Eastern Railway. 

Railway ^Library, Cassells. Crown 8vo, boards, as. each. 


Y::thr a Strange Mask. By Frank 
Barrett. 

THE COOMBSBERROW MYSTERY. By 
JAMES COLWALL. 

dead Man’s hock. By a 

A Queer Race. By W, westall. 

Captain Trafalgar. By Westall 
and Laurie. 

THE PHANTOM CITY. By W. WESTALL 
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dork, ms. 6 d, each. 

Jack Gordon, knight Errant, 
Gotham, X883. By Barclay 
NORTH. 

The Diamond Button. By Barclay 
North. 

Another’s Crime. By Julian Haw- 
thorne. 


Tfb Yokh of the Thorah. By 
Sidney Luska. 

who is John Noman» By Charles 
HENRY BECKETT. 

THE TRAGEDY OF BRINKWATBR. By 
Martha L. Moodey. 

An American Penman. By Julian 
Hawthorne. 

Section 658; or. The Fatal Letter. 

By Julian Hawthorn] 

The brown stone Boy. By W. H. 
Bishop. 

a Tragic Mystery. By juuan 
Hawthorne, 


The Great bank robbery. By 
Julian Hawthorne. , 

Richard, Henry, M.P. A Biography. By Charles S. Miall- 7s. 6d. 
Rivers of Great Britain, The : Descriptive, Historical, Pictorial, 
Rivers of the East Coast, aas. 
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Rossetti, Dante Gabriel, u Designer and Writer. Notes by 
William Michael Ross am. 7a. fid. _ • 

Royal River, Thai The Thames, from Source to Sea. With Detcap- 
* tive Teat and a Series of beautiful Engravings. £2 as. 

Russia. By Sir Donald Mackenzie Wallace, M.A. 5s. 

Russia, Truth About. By V T. Stead. 8vo, cloth, toe. fid. 

Russo- Turkish War, Cassell s History of. With about 500 Illus- 
trations. Twe Vols., gs. each. 

Red Library, Cassell's. Stiff covers, zs. each ; cloth, as. each. 
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Wuthering Heights, 
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Old Mortality. 
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Piokwiok (Two Vote.). 
Last of mb Mohicans. 
Pride and Prejudloe. 
yellowplosh Papers. 
Tales of the Borders. 
Last Days of Palmyra. 
Washington Irving's 


(^Pathfinder. 

Scott’s Poems. 

Last of the Barone. 
Adventures of Mr, 
Ledbury. 

8t. Cuthbert’s Tower. 


. Sketch-Book. 

The Talisman. 

Old Curiosity Shop. 
Heart of Midlothian. 
Last Days of Pompeii. 
American Humour. 
Sketches by Bos. 
Macaulay’s Lays and 
Bssays. 

Barry Lorrequer. 


(Two Vols.). 

The Prince of the 

House of David, 
dan’s P 

> Tom’ 

Doerslayer. 

Bugene Aram. 

Jack Hinton. 

Borne and the Burly 
Christians. 

The Trials of Mar- 
garet Lyndsay. 

By Florence Warden. Cheap Edition, 

Salads: the best Salad Plants, and the best ways of Mixing a 
Salad. By Henry F. Moore and M. Vilmorin. Cr. Bvo, is. 6d. 
Saturday Journal, Cassell’s. Yearly Volume, cloth, 7s. 6d. 

Science for All. Edited by Dr. Robert Brown. R exneed Edition* 
Illustrated. Five Vols. gs. each. 

Scouting for Stanley in East Africa : a Record of the Adventures 
of Thomas Stevens in Search of H . M . Stanley. With 14 Illus- 
trations. Cloth, 7s. fid. 

Sculpture, A Primer of. By E.Roscok Mullins. With Illustrations. as. fid. 
Sea, The: Its Stirring Story of Adventure, Peril, and Heroism. 

By F. Whymmsr. With 400 Illustrations. Four Vols., 7s. fid. each. 
Secret of the Lamas, The. A Tale of Thibet. Crown 8vo, 55. 1 

Shaftesbury, The Seventh Earl of, K.G., The Life and Work of. By 
Edwin Hoddkr. Three Vols., 36a. Popular Edition, One Yob, 7s. fid* 
Shakespeare, The Plays of. Edited by Professor Henry Morley. 
Complete in 13 Vols., cloth, ars. 

Shakespeare, Cassell's Quarto Edition. Co ttaimr j about 600 Illus- 
trations by H. C. Selous. Complete in Three Vols., cloth gilt, £331. 
Shakespeare, Miniature. Illustrated. In Twelve Vols., in box, zas. ; 

or in Red Paste Grain (box to match), with spring catch, axs. 
Shakespeare, The England o£ By E. Goadby. Illustrated, as. fid. 
Shakapere, The International. Edition del+nxe. 

“ KING HENRY IV.” Illustrated by Eduard GrOtznkk, £3 xos. 
“AS YOU LIKE IT." Illustrated hy Emile Bayard. £3 xos. 
“ROMEO AND JULIET." Illustrated by F. Diocsee, A.it.A. JL £5$e. 
Shakapere, The Leopold. With 400 Illustrations. Cheap Edition, 
3 *. fid. Cloth gilt, 6s. ; Roxburgh, 7s. fid. 

Shakapere, The Royal . With Steed Plates and Wood Engravings. 
Three Vols. 15s. each. 

Sketching from Nature in Water Colours. By A|«On Pknlby. 

With Illustrations in Chromo- Lithography. 15a. 

Social Welfare, Subjects of. By the Rt. Hon. Sir Lyon Playfair, 
K.C.B. 7* fid. 
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Splendid Spur, The. Edited by Q. 3a. 

Sport* *nd Pastimes, Cassell's Complete Book of. Cheat Edition, 
With more than 90a Illustrations. Medium 8vo, 99a pages, cloth, 3a. 6d. 

Star-Land. By Sir Robert Stawell Ball, LL.D,, F.R S., F.R.A.S, 
Illustrated. Crown 8vo, 6s. 

Steam Engine, The. By W. H. Northcott, C.E. 3*. SI. 

Strange Doings in Strange Places. Complete Sensational Stories by 
Frank Barrett, “Q,” G. Manvillb Fenn, &c. ftc. Cr. 8vo, 5s. 

Technical Education. By F. C. Montague. 6d. 

Thackeray, Character Sketches from. Six New and Original Draw- 
ings by Frederick Barnard, reproduced in Photogravure, axs. 

Treasure Island. By R. L. Stevenson. Illustrated. 3s. 

Trees, Familiar. By G. S. Boulgbr, F.L.S. Two Series. With 40 
full- page Coloured Plates by W. H. J. Boot. xas. 6d. each. 

Troy Town, The Astonishing History of. By Q. 5s. 

Two Women or One ? From the Manuscripts of Doctor Leonard 
Benary. By Henry Harland. xs. 

“ Unicode” : the Univeraal Telegraphic Phrase Book. Desk or 
Pocket Edition, as. 6d. 

United States, Cassell's History of the. By the late Edmund 
Ollier. With 600 Illustrations. Three Vols. 9s. each. 

United States, Youth's History of the. Illustrated. 4 Volumes. 36s. 

Universal History, Cassell's Illustrated. Four Vols. pa. each. 

Verdict, The. A Tract on the Political Significance of the Report of the 
Parnell Commission. By Prof. A. V. Dicey, Q.C. as. 6d. 

Vicar of Wakefield and other Works by Oliver Goldsmith. 
Illustrated. 3s. 6d. ; cloth, gilt edges, 5s. 

What Girls Can Do. By Phyllis Browne, as. 6d. 

Wild Birds, Familiar. By W. Swaysland. Four Series. With 40 
Coloured Plates in each. xas. 6d. each. 

Wild Flowers. Familiar. By F. E. Hulmk, F.L.S., F.S.A, Five 
Series. With 40 Coloured Plates in each. xas. 6d. each. 

Woman's World, The. Yearly Volume. 18s. 

Wood, Rev. J. G., Life of the. By the Rev. Theodore Wood. 
Demy 8vo, cloth, price xos. 6d. 

Work. An Illustrated Magazine of Practice and Theory for all Work- 
men, Professional and Amateur. Yearly Vol., 7s. 6d. 

World of Wit and Humour, The. With 400 Illustrations. Cloth, 
7*. 6d. : cloth gilt, gilt edges, xos. 6d. 

World of Wonders. Two vols. With 400 Illustrations. 7s. 6d. each. 

Yule Tide, Cassell's Christmas Annual, xs. 


ILLUSTRATED MAGAZINES. 

The Quiver, Enlarged Series. Monthly, 6d, 

Cassell's Fatnilf / Magazine, Monthly, 7d. 

** Little Folk ** 1 Magazine, Monthly, 6d. 

The Magazine of Art, Monthly* xs. 

The Woman's World, Monthly, xs. 

Hassell's Saturday ,Tmtrnat. Weekly, id , ; Monthly, 6d* 
Work . Weekly, id, ; Monthly, 6d. 


Catalogue* of Cassell Sc Company's publications, which may be bid at afl 
Booksellers', or will be sent po-t free on application to the Publishers i— 

Cassell's Complete Catalogue, containing particulars of upwards of 
One Thousand Volumes. 

CASS&LL’s classified Catalogue, In which their Works are arranged 
a cording to price, from Th otfenct to Fifty Guineas. 

Cassell's Educational Catalogue, containing particulars of Cas vBUU 
Sc COMPANY'S Educational Works and Students' Manuals. 

CASSELL ft COMPANY, Limited, Luxate /fill, London, 
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Bible, Cassell's Illustrated Family. With 900 Illustrations. Leather, 
gilt edges, £a loe. 

Bible Dictionary, CatieH's. With nearly 600 Illustrations. 7a. 6d. 

Bible Bducator, The. Edited by the Very Rev. Dean Plumptrb, D.D., 
Wells. With Illustrations, Maps, &c. Four Vols., cloth, 6a. each. 

Bible Student in the Britiah Museum, The. By the Rev. J. G. 
Kitchin, M.A. is. 

Bible women and Nuraea. Yearly Volume. Illustrated. 3a. 

Bunytn’a Pilgrim’s Progress (Cassell’s Illustrated). 410. 78. 6d. 

Bunyan'a PUgrim’a Progress. With Illustrations;* Cloth, 3a. 6d. 

Child’s Bible, The. With 300 Illustrations. Thousand, 7a. 6d. 

Child’s Life of Christ, The. With 200 Illustrations. 7a. 6d. 

“Come, ye Children.” Illustrated. By Rev. Benjamin Waugh, 5a. 

Dore Bible. With 238 Illustrations by Gustave Dor*. Small folio, 
cloth, £8 ; best morocco, gilt edges, £15. 

Early Days of Christianity, The. By the Ven. Archdeacon Farrar, 
D.D., F.R.S. 

Library Edition. Two Vols., 24a. ; morocco, £a as. 

Popular Edition. Complete in One Volume, cloth, 6a. ; cloth, gilt 
edges, 7s. 6d. ; Persian morocco, xos. 6d. ; tree-calf, 15s. 

Family Prayer-Book, The. Edited by Rev. Canon Garbett. M.A., 
ana Rev. S. Martin. Extra crown 4to, cloth, 5s. ; morocco, x8s. 

Glories of the Man of Sorrows, The. Sermons preached at St. James’s, 
Piccadilly. By Rev. H. G. Bon avia Hunt, Mus.D., F.R.S.,Ed. as.6d. 

** Heart Chords.” A Series of Works by Eminent Divines. Bound in 
cloth, red edges, One Shilling each. 


M V Bible. By the Right Rev. W. BOYD 
Carpenter. Bishop of Ripon. 

MY Father. By the Right Rev. ASH- 
TON OXENDEN, late bishop of Mou- 


My Growth in Divine Life. By the 
Rev. Preb. REYNOLDS, M.A. 

My Soul. By the Rev. P. B. POWER, 
M.A. 


MY work FOR God. By the Right 
Rev. Bishop COTTERILL. 

My Object in life. By the Vcn. 

Archdeacon FARRAR, D.D. 

MY ASPIRATIONS. By the Rev. G. 
MATHESQN, D.D. 

MY H MOTIONAL LIFE. By the Rev. 

Preb. Chadwick. D.D. 

MY BODY. By the Rev. Prof. W. G. 
BLAIKIE, D.D. 


My Hereafter. Bv the Very Rev. 

Dean 3ICKKRSTETH. 

MY Walk with God. By the Very 
Rev. Dean MONTGOMERY. 

Mv Aids to the Divine Life. By 
the Yery Rev. Dean BOYL.1. 
my soupces of Strength. . By the 
Rev. U.H. JENKINS. M.A., Secretary 
of Wesleyan Missionary Society. 


Helps to Belief. A Series of Helpful Manuals on the Religious 
Difficulties of the Day. Edited by the Rev. Teignmouth Shore, M.A., 
Chaplain-itt-Ordinary to the Queen. Cloth, is. each. 


CREATION. By the Lord Bishop of 
Carlisle. 

THE divinity of Ottr lord. By 
the Lord JVshop of Derrv. 

The morality of the Old Testa- 
ment. By the Rev. Newman 
Smyth. D.q; 


Miracles. By the Rev. Browniow 
Maitland, M.A. 

Prayer. By the Rev. T. 

Shore, M.A. 

THE atonement. By the Lord Bishop 
of Peterborough. 


Holy Land and the Bible, The. By the Rev. Cunningham Gkikie, 
D.D, Two Vols , with Map, 24s. 

” I Must/’ Short Missionary Bible Readings. By Sophia M. Nugents 
Enamelled covers, 6d. ; doth, gilt edges, xg. 
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Life of Christ, The. By the Ven. Archdeacon Farrar, D.D., F.R.S. 

Illustrated Edition, with about 300 Original Illustrations. 
Extra crown 4to, doth, gilt edges, 92s. ; morocco antique, 4 3 #. 

Library Edition. Two vols. Cloth, 34s. ; morocco, 43s. 

Popular Edition, in One Vol. 6vo, doth, 6s. ; doth, gilt edges, 
7s. 6d. ; Persian morocco, gilt edges, xos. 6d. ; tree-calf, tjs. 

Marriage Ring, The. Bv William Landbls, D.D.# New ami 
Cheaper Edition. 3s. 6d. 

Moses and Geology ; or* The Harmony of the Bible with Science. 
By the Rev. Samuel Kinns, Ph.D., F.R.A.S. Illustrated. Cheap 
Edition , 6a. 

Hew Testament Commentary for English Readers, The. Edited 
by the Rt. Rev. C. J. Ellicott, D.D., Lord Bishop of Gloucester 
and Bristol. In Three Volumes, sis. each. 

Vol. I. — The Four Gospels. 

Vol. II. — The Acts, Romans, Corinthians, Galatians. 

Vol. III.— -The remaining Books of the New Testament. 

New Testament Commentary. Edited by Bishop Ellicott. Handy 
Volume Edition. St. Matthew, 3s. 6d. St. Mark, 3s. St. Luke, 
38. 6d. St. John, 3s. 6d. The Acts of the Apostles, 3s. 6d. Romans, 
as. fid. Corinthians I. and II., 38. Galatians, Ephesians, and Philip- 
pians, 3s. Colossians, Thessalonians, and Timothy, 38. Titus, 
Philemon, Hebrews, and James, ps. Peter, Jude, and John, 3s. 
The Revelation, 3s. An Introduction to the New Testament, 3s. fid. 

Old Testament Commentary for English Readers, The. Edited 
by the Right Rev. C. J. Ellicott, D.D., Lord Bishop of Gloucester 
and Bristol. Complete in 5 Vols., axs. each. 

Vol. I.— Genesis to Numbers. Vol. III.— Kings I. to Esther. 

Vol. II. — Deuteronomy to Vol. IV. — Job to Isaiah. 

Samuel II. Vol. V. —Jeremiah to Malachi. 

Old Testament Commentary. Edited by Bishop Ellicott. Handy 
Volume Edition. Genesis, 3s. 6d. Exodus, 3s. Leviticus, 3s. 
Numbers, as. 6d. Deuteronomy, as. 6d. 

Protestantism, The History of. By the Rev. J. A. Wylie, LL.D. 
Containing upwards of 600 Original Illustrations. Three Vols. , 98. each. 

Quiver Yearly Volume, The. 250 high-class Illustrations. 7s. fid. 

Religion, The Dictionary of. By the Rev, W. Benham, B.D. axs.; 
Roxburgh, ajs. 

St. George for England ; and other Sermons preached to Children. By 
the Rev. T. Teignmouth Shore, M.A. 58. 

St. Paul, The Life and Work of. By the Ven. Archdeacon Farrar, 
D.D., F.R.S., Chaplain-in-Ordinary to the Queen. 

Library Edition. Two Vols., cloth. 24s. ; calf, 4a*. 

Illustrated Edition, complete in One Volume, with about 300 
Illustrations, £1 is. ; morocco, £* **■ 

Popular Edition. One Volume, 8vo, cloth, 6s. ; doth, gilt edges, 
7s. 6d. ; Persian morocco, 10s. fid. ; tree-calf, 15a. 

Secular Life, The Gospel of the. Sermons preached at Oxford. By 
the Hon. Canon Fremantle. Cheaper Edition, as. fid. 

Shall We Know One Another? By the Rt. Rev. J. C. Ryle, D.D., 
Bishop of Liverpool. New and Enlarged Edition. Cloth limp, xs. 

Stromata. By the Ven. Archdeacon Shkringham, M.A. a*, fid. 

“Sunday,” Its Origin, History, snd Present Obligation* By the 
Ven. Archdeacon Hessev, D.C.L. Fifth Edition. 7s. 6d. 

Twilight of Life, The. Words of Counsel and Comfort for th«f 
Aged. By the Rev. John Ellbrton, M.A. xs. fid. 

Voice of Time, The. By John Stroud. Cloth gilt, is. 
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Alphabet, Cassell's Pictorial. 38. fid. 

Arithmetics, The Modem School. By George Ricks, B.Sc. Land. 

With Test Cards. {List on application.) 

Book-Keeping. By Thbc£>ore Jones. For Schools, as.; cloth, 31. 

For the Million, as. ; cloth, 38. Books for Jones's System, as. 
Chemistry, The Public School. By J. H. Anderson, M.A, as. 6d. 
Copy-Books, Cassell's Graduated. Eighteen Books, ad. each. 
Copy-Books, The Modem School. Twelve Books, ad. each. 
Drawing Copies, Cassell's Modern School Freehand. First Grade, 
is. ; Second Grade, as. 

Drawing Copies, Cassell's 44 New Standard." Fourteen Books. 
Books A to F for Standards I. to IV., 2 d. each. Books G, H, K, L, 
M, O, for Standards V. to VII., 3 d. each. Books N and P, 4<1 each. 
Electricity, Practical. By Prof. W. E. Ayrton. 78, 6d. 

Energy and Motion. By William Paice, M.A. Illustrated, is. fid. 
English Literature, First Sketch of. New and Enlarged Edition. 
By Prof. Morley. 7s. 6d. 

English Literature, The Story of. By Anna Buckland. 3s. fid. 
Euclid, Cassell's. Edited by Prof. Wallace, M.A, is. 

Euclid, The First Four Books of. In paper, 6d. ; cloth, gd. 
Experimental Geometry. By Paul Bert. Illustrated, is. 6d, 
French, Cassell's Lessons in. New and Revised Edition. Parts I. 

and II., each as. 6d. ; complete, 4s. 6d. Kev, is. 6d. 

French- English and English-French Dictionary. Entirely New 
and Enlarged Edition. 1,150 pages, 8vo, cloth, 3a. 6d. 

French Reader, Cassell's Public School. By G. S. Conrad, as. 6d. 
Galbraith and Haughton’s Scientific Manuals. By the Rev. Prof, 
Galbraith, M.A., and the Rev. Prof. Haughton, M.D., D.C.L. 
Plane Trigonometry, as. 6d.— Euclid. Books I., II., III., as. 6d.— Books 
IV., V,, VI,, 28 . fid.— Mathematical Tables, 3s. 6d. —Mechanics, gs. 6d. 
— Natural Philosophy, 3s. 6d.— Optics, as. 6d.— Hydrostatics, 3s. 6d. — 
Astronomy, 5s.— Steam Engine, 3s. 6d. — Algebra, Part 1 ., cloth, as. fid. ; 
Complete, 7a. fid. — Tides and Tidal Currents, with Tidal Cards, 3s. 
German Dictionary, Cassell’s New. German- English, English- 

German. Cloth, 7s. 6d. ; half-morocco, 9s. 

German of To-Day. By Dr. Heinemann. is. fid. 

German Reading, First Lessons in. By A. Jagst. Illustrated, is. 
Hand-and-Eye Training. By G. Ricks, B.Sc. Two Vols., with lfi 
Coloured Plates in each Vol. Crown 4to, fis. each. 

Handbook of New Code of Regulations. New and Revised Edition. 
By John F. Moss. xs. j cloth, 2s. 

Historical Cartoons, Cassell's Coloured. Size 45 in, x 35 in., as. 

each. * Mounted on canvas and varnished, with rollers, 5s, each. 
Historical Course for Schools, Cassell’s. Illustrated throughout. 

1 . —Stories from . English History, is. II.— The Simple Outline of 
English History, is. 3d. III.— The Class History of England, as. fid. 
Horati Opera. With Prefhce, Conspectus Metrorum, Index Nominura 
et Rerum Memorahilium, and Critical Notes. 3s. 

Homer, The Iliad of. Complete Text. With a Preface and Summary. 

Two Vote. Vol. : Vol. II.. 3s. fid. 

Latin- English and English -Latin Dictionary. By J.t$£ Beard, 
D.D., and C. Beard, B.A. Crown 8vo, 914 pp., 3s. fid. 

Latin -English Dictionary, Cassell's. By J. R. V. Marchant, 3a. fid. 
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Latin Primer, The First. By Prof. Postgate. is. 

Latin Primer, The New. By Prof. J. P. Postgatk. Crown 8vo, as. W. 

Latin Prose for Lower Forms. By M, A. Bayfield, M.A. as. 64 . , 

Laws of Every-Day Life. ByH.O. Arnold* Forster, is. 6d. 

Little Folks’ History of England. Illustrated, is. 6d. # 

Making of the Home, The : A Book of Domestic Economy for School 
and Home Use. By Mrs. Samuel A. Barnett, xs. fid. 

Marlborough Books : — Arithmetic Examples, 3s. Arithmetic Rules, is. fid, 
French Exercises, 3s. fid. French Grammar, as. 6d. German do., 3a. fid. 

Mechanics and Machine Design, Numerical Examples in Practical. 
By R. G. Blaine, M.E. With Diagrams. Cloth, as. 6d. 

“ Model Joint” Wall Sheets, for Instruction in Manual Training. By 
S. Barter. Eight Sheets, as. fid. each. 

Music, An Elementary Manual of. By Henry Leslie, zb. 

Object Lessons from Nature. By Prof. L. C. Miall, F.L.S. as. fid. 

Popular Educator, Cassell’s NEW. With Revised Text, New Maps, 
New Coloured Plates, New Type, &c. To be completed in 8 Vols. 5s. each. 

Popular Educator, Cassell’s. Complete in Six Vais., 5s. each. 

Readers, Cassell’s “Higher Class.’’ {List on application.) 

Readers, Cassell’s Historical. Illustrated throughout, printed on 
superior paper, and strongly bound in cloth. {List on application.) 

Readers, Cassell’s Readable. Carefully graduated, extremely in- 
teresting, and illustrated throughout. {List on application .) 

Readers for Infant Schools, Coloured. Three Books. 4d. each. 

Reader, The Citixen. By H. O. Arnold- Forster. Illustrated, is. fid. 

Reader, The Temperance. By Rev. J. Dennis Hird. Cr. 8vo, IS. fid. 

Readers, The “ Modern School" Geographical. {List on application.) 

Readers, The “ Modern School.’* Illustrated. {List on application.) 

Reckoning, Howard’s Anglo-American Art of. By C. Fkushk* 
Howard. Paper covers, xs. ; cloth, 2s, 

Science Applied to Work. By J. A. Bower, is. 

Science of Everyday Life. By John A. Bower. Illustrated, is. 

Shakspere’a Plsys for School Use. 5 Books. Illustrated, 6d. each. 

Shakspere Reading Book, The. Illustrated. 3s. fid. 

Spelling, A Complete Manual of. By J. D. Morell, LL.D. is. 

Technical Manuals, Cassell’s. Illustrated throughout: — 

Handrailing and Staircasing, 3s. 6d. — Bricklayers, Drawing for, 38. — 
Building Construction, as,— Cabinet-Makers, Drawing for, 3s. — Car- 
penters and Joiners, Drawing for, 3s. fid.— Gothic Stonework, 3s. 
— Linear Drawing and Practical Geometry, as. — Linear Drawing and 
Projection. The Two Vols. iu One, 3s. fid. — Machinists and Engineers, 
Drawing for, 48. 6d. — MetahPlate Worker*, Drawing for, 3s. — Model 
Drawing, 38. — Orthographical and Isometrical Projection, as. — Practical 
Perspective, 3s.— Stonemasons, Drawing for, 3s. — Applied Mechanics, 
by Sir R. S. Ball, LL.D., as.— Systematic Drawing and Shading, as. 

Technical Educator, Cassell’s. Revised Edition* Four Vols., 3s. each. 

Technology, Manuals of. Edited by Prof. Ayrton, F.R.S., and 
Richard Wormell, D.Sc., M.A. Illustrated throughout: — 

The Dyeing of Textile Fabrics, by Prof. Hummel, 5s. — Watch and 
Clock Making, by D. Glasgow, 4s. 6d.— Steel and Iron, by Prof. W. H. 
Greenwood, F.C.S., M.I.C.E., &c., 5s. — Spinning Woollen and 
Worsted, by W. S. B. McLaren, J’LPm 48. fid,— Design in Textile 
Fabrics, by T. R. Ashenhurst, 4s. 6c. —Practical Mechanics, by prof. 
Perry, M.E ; , 3s. fid. — Cutting Tools Worked by Hand and Machine, 
by Prof, Smith, 3s, fid. A Prospectus oh application. 

Test Cards, Cassell's Combination. In sets, is, each. 

Test Cards, “ Modern School," Cassell’s. In Sets, xs. each. 

CASSELL & COMPANY, Limited, Ludfat * Hill, London. 
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jloohz for ^mmg people. 

** Little Folks'* Half-Yearly Volume. Containing 43a ato pages, with 
about soo Illustrations, and Pictures in Colour. Boards, ss.od. ; cloth, 5s. 
Bo-Peep. A Book for the Little Ones. With Original Stories and Verses. 
Illustrate^ throughout. Yearly Volume. Boards, as.6d. ; doth, 38. 6d* 

Cassell's Pictorial Scrap Book, containing several thousand Pictures 
beautifully printed and handsomely bound in one large volume. 
Coloured boards, 15s. ; cloth Uttered, 2X8. Also in Six Sectional VoU., 
38 . 6d. each. 

Flora's Feast. A Masque of Flowers. Penned and Pictured by Walter 
Crane. With 40 Pages in Colours. 5a. 

Legends for Lionel. With 40 Illustrations in Colour, by Walter 
Crane. 58 . 

Little Mother Bunch. By Mrs. Molesworth. Illustrated. Cloth. 
38. 6d. 

The New Children's Album. Fcap. 4to, 330 pages. Illustrated 
throughout. 3s. 6d. 

The Tales of the Sixty Mandarins. By P. V. Ramaswami Raju. 
With an Introduction by Prof, Henry Mokley. Illustrated. 3a, 

Books for Young People. Illustrated. Cloth gilt, 5s, each. 

The King’s Command : A Story | The Champion of Odin: or. Viking 
for Girls. By Maggie Symington. Life in the Da ya of Old. By J7 

Under Bayard's Banner. By Fred. Hodgetts. 

Henry Fmu. Bound toy a Spell ; or. The Hunted 

The Romance of Invention. Witoh of the Forest. By the 

By James Burnley. Hon. Mrs. Greene. 

Books for Young People. Illustrated. Price 3s. 6d. each. 


Polly: A New-Fashioned GirL 
By L. T. Meade. 

Por Fortune and Glory: A Story 
Of the Soudan War. By Lewis 
Hough. 

" Follow My Leader.” By Tall>ot 
Baines Reed. fl’itt. 

The Coat of a Mistake. By Sarah 

A World of Girls: The Stor y of 
a School. By L. T. Meade. 

Lost among White Air: 

By David Ker. 


The Palace Beautiful, fly L T. 

Meade. 

Freedom’s Sword: A Story of the 
Days of Wallace and Bbuoe. 
By Annie S. Swan. 

On Board the “ Esmeralda.” By 
John C. Hutcheson. 

In Quest of Gold. By A. St Johnston. 
For Quaen and King. By Henry Frith. 
Perils Afloat and Brigands Ashore. 
By Allred Elwes. 


Books for Young People. Price as. 6d. each. 

Heroes of Every-day Life. By Early Explorers. By Thomas Frost 
Laura Lane. Illustrated. Heme Chat with our YvUng Folks. 

Decisive Events in History. By Illustrated throughout. 

Thomas Archer. With Original Jungle, Peak, and Plain. Illustrated 
Illustrations. throughout 

The True Rob neon Crusoe*. The World’s Lumber - Room. By 
Peeps Abroad for Folks at Selina Gaye. 

Home. Illustrated. 

The "Cross and Crown" Series. With Illustrations in each Book, 
as. 6d. each. 


Strong to Suflbr: A Story of 
the Jews. By E. Wynnr 

Heroes of the Indian Empire: 
or. Stories of Valour and 
Victory. ByErnest Foster. 

In Letters of Flame ; A Story 
of the Waldenaee. By C. L. 
Matd&ux. 

Through Trial to Triumph. By 
Madeline B. Hunt 


By Fire and Sword; A Storv of 
the Huguenots. By Thomas 
Archer. 

Adam Hepburn’s Vow: A Tale or 
Kirk and Covenant. By Annie 
S. Swan. 

No. Kill. ; or. The Story of the 
Lost Vestal. A Tale of Early 
Christian Days, By Emma Mar* 
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“Golden Mottoes *' Series, The. Each Book containing aoS pages, with 


“UH Desperandum,” By Uie 
Rev. F. Laugbr.dge, M. A. 

“Beao^imd Forbear." By Sarah 

Foremost If I Can.” By Helen 
Atteridge. 


“ Honour ia my Guide.** By Jeaate 

Keying (Mrs. Adams- Ac ton). 

"Aim at a Bure End.** By 
Searchfield. 

“ He Conquer* whofEndures.** Bv 
the Author of “May Cunningham a 
Trial,” Ac, 


Books for Children. In Illuminated boards, fully Illustrated. 

Twilight Fancies. 2a. 6d. t A Bosen and One. 6s. 

Cheerful Clatter. 8s. 6d. 


A Posen and One. 
Bible Talk*. 6s. 


Cassell’s Picture Story Books. Each containing Sixty Pages of 
Pictures and Stories, &c. 6d, each. 


Little Talks. 
Bright Stars. 
Nursery Toys. 
Pet's Posy. 
Tiny Tales. 


Daisy’s Story Book. 

Dot's Story Book. 

A Nest of Stories. 
Good-Night Stories. 

Chats for Small Chatterers. 


Auntie's Stories. 
Birdie’s Story Book. 
Little Chimes. 

A Sheaf of Tales. 
Dewdrop Stories. 


Cassell's Sixpenny Story Books. All Illustrated, and containing 
Interesting Stories by well-known writers 

The Smuggler's Cave. The Boat Club. 

Little Liesie. Little Pickles. 

Little Bird, Life and Adven- The Eloheuter College Boys. 

turesof My First Cruise. 

Luke Barnioott. The Little Peacemaker. 

The Delft Jug. 

Cassell's Shilling Story Books. All Illustrated, and containing Interest- 
ing Stories. 

nty and the Boys. Surly Bob. 

The Heir of Elmo ole. The Giant’s Cradle. 

The Mystery at ShouoliiX Shag and Doll. 

Sohool. Aunt Liroia's Locket, 

Claimed at lout, and Hoy's The Maglo Mirror. 

Howard. The Cost of Hevenge. 

Thorne and Tangles. Clever Frank. 

The Cuokoo in the Robin’s N eat. Among the Hedskins. 

John’s Mistake. The Ferryman of Brill. 

The History of Five Little Harry Maxwell. 

Pitchers. A Banished Monarch. 

Diamonds in the Bond, Seventeen Cats. 


Illustrated Books for the Little Ones. Containing interesting Stories. 
All Illustrated, xa. each ; cloth gilt, x». 6d. 


Scrambles and Scrapes. 
Tittle Tattle Tales. 

“ > and Down the Garden. 
L Sorts of Adventures. 
t Sunday Stories. 
t Holiday _ 

its and j 

Some . 


Wandering Ways, 
l nmb Friends, 

Those Golden Sands. 

Little Mothers & their Children, 
f Pretty Pets. 

■ Sohoolday Hours. 


Albums for Children. Price 3s. 6d. each. 


The Album for Home, Sohool, 
and Play. Containing Stories by 
Popular Authors. Set in bold 
type, and Illustrated throughout. 


Picture AlbumofAH Sorts. With 


be Chit-Chat Album. Illustrated 
throughout 
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World’ • Workers. A Series of New and Original Volumes. 
With Portraits printed on a tint as Frontispiece, is. each. 

Dr. Arnold of Rugby. By Rom 
E* Selfe* 

By 


The »«rl of Shaftesbury. 
.Henry Frith. 

Sarah, Sabina cm. 


in* a vmiuiisuii« 

Thomas A. Udlaon and Samuei 
F. B. Morse. By Dr. Defcsioir 
and J. Marsh Parker. 

Mrs. Somerville and Mary Car- 
„ penter. By Phyllis Browne. 
General Gordon. By the Rer. 
S. A.Swaine. 

Charles Dickens. By his Eldest 

Sir jrftna' Salt and George 
Moore, ByJ. Burnley. 

David Livingstone. By Robert 
Smiles. 


Florence Nightingale, Catherine 
Marsh. Frances Ridley Haver- 
gal. Mr*. Ranyard i* 7 L.N.R.’’). 
By Lizzie AUdridve. 


Dr. Guthrie, Father Mathew, 
— "t, Georr “ 


Elihu Buzritt, 


> Livesey. 


By John W. Kirton, ITS. 

Sir Henry Havelock and Colin 
Campbell Lord Clyde. By E. C. 
Phillips, 

Abraham Lincoln. By Ernest Foster. 
George Muller and Andrew Reed. 
By E. R. Pitman. 

Richard Cobden. By R. Cowing, 
Benjamin Franklin. By E. M. 

Tomkinson. 

Handel. By Elisa. Clarke. [Swalne, 
Turner the Artist. By the Rev. S. A, 
George and Robert Stephenson. 
By C. L. Matteux. 


Library of Wonders. Illustrated Gift-books for Boys. Paper, is.; 
cloth, zs. 6d. 

Wonderful Adventure*. 

Vender* of Animal Instinct. 

Vonderful Balloon Aaoonts. 


Wonder* of Bodily Strength 
and Skill. 

Wonderlul Escapes. 


Bighteenpenny Story Books. Illustrated. 

Wee Willie Winkle. 

up* and Downs of a Donkey'* 

Lire. 


Faith'* Father. 

By Land and Sea. 


Three Wee Ulster Lassie*, 
up the Ladder 
pick’s Hero; and other Storie*. 
The Chip Boy. 

Reggies, Baggies, and the 
Emperor, 

Rose* from Thorn*. 


33 ? & '***•”***»•■ 

Tom Morris's Error. 

Worth more than Gold. 

“ Through Flood— Through Fire; " 
and other Stories. 

The Girl with the Golden Looks. 


Gift Book* for Young People. By Popular Authors. 
Original Illustrations in each. Cloth gilt, is. 6d. each. 


With Four 


The Boy Hunters of Kentucky. 

By Edward S. Ellis. 

Red Feathar: a Tale of the 
American Frontier. By 
Edward S. EUis. 

Seeking a City. 

Rhoda's Reward; or, "If 
Wishes were Horses." 

Jack Marston's Anchor. 
Frank's Life-Battle ; or, The 
Three Friends. 

Fritter*. ‘ y Sarah Pitt. 

The Two ’ .rdoastles. By Made- 


Major Monk's Motto. By the Rev. 
Langbridge. 

■ - le Symington. 

bows: A Story of 

^ ^Charges; or. The 

Broken Trust. 

Pretty Pink's Purpose; or. The 
Little Street Merchants. 

Tim Thomson'* Trial. By Geor** 
Weatherly. ^ 

Ursula's Stumbling-Block. By Julia 
Goddard. 

Ruth’s Life-Work. By the Rev. 
Joseph Johnson. 


Cassell’s Two-Shilling Story Books. Illustrated. 


gS!s Top oftge Ladder : How to 
Flotsam. [Reach it. 
e and Her F riend* 
hildren of the Court, 
£ „onbeam Tangle. 

Peggy* ter Tales. 

Books for Boys. 

oisr as 


The Four Oats of the Tippertone. 
Marion** Two Home*. 

Little Folks’ Sunday Book- 
Two Fo Bit*. 

Poor 

Tom Beriot. 

Through Pern to f ortune. 

Aunt Tabitha’s Wait*. 

In Mischief Again, 

School Girl*. 

Famous Sailor* of Former Tima*. 
By Clements Markka**, Illustrated. 
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The "Deerfoot” Series. By Edward $. Ellis. With Fpur full -page 
Illustrations in each Book* Cloth, bevelled boards, as. 64, each. 


The Hunters of the Osark. 1 

'i he Last W< 


The Camp in the Mountains, 
'ar Trail. 


The * 4 Log Cabin ” Series, By Edward S. Ellis. With Four Full- 
page Illustrations in each. Crown 8vo, cloth, as. 6d. each. 

The Lost Trail. 1 Camp-Fire and W ig w am . 

Footprint* In the Forest. 

The M Great River” Series. By Edward S. Ellis. Illustrated. 
Crown 8 vo, cloth, bevelled boards, as. 6d. each. 

Down the Mississippi, I Lost In the Wilds. 

Up the Tupajos ; or. Adventures in Brazil. 

The 14 Boy Pioneer ” Series. By Edward S. Ellir. With Four FulU 
page illustrations in each Book. Crown 8vo t cloth, as. 6d. each. 

Ned in the Woods. A Talc of } Ned on the Biver. A Tale of Indian 
Earlv Days in the West. | River Warfare. 

Ned in the Blook House. A Story of Pioneer Life in Kentucky. 

The “World in Pictures.” Illustrated throughout 28. 6d, each. 


A Ramble Bound France. 

All the Buaaias. 

Chats about Germany. 

The Land of the Pyramids 
CBtfypt). 


Peepa into China. 


The Eastern Wonderland (Japan!, 
Glimpses of South America. 
Bound Africa. 

The Land of Temples (India). 

The Isles of the paoiflo. 


Half-Crown Story Books. 
Little Hinges. 

Margaret's Enemy. 

Pan's Perplexities. 

Notable ShipwreoJts. 

Golden Days. 

Wonders of Common Things. 
Truth will Out. 

At the South Pole. 


Soldier and Patriot (George Wash- 

Pioture°of School Life and Boy- 
hood. 

The Young Man in the Battle of 
XdfS. By the Rev. Dr. Landel*. 

The True Glory of W Oman. By the 
Rev. Dr. Landels. 


Three -and -Sixpenny Library of Standard Tales, Ac, 
trated and bound in cloth gilt. Crown 8vo. 3a. 6d. each. 
The Three Homes. 

Deep dale Vicarage. 

In Duty Bound. 

The Half Sisters. 


aii nius* 


Peggy Oglivle’s Inheritance. 
The Family Honour. 

Books lor the Little Ones. 

The Merry-go-Round. Poems for 
Children. Illustrated. 6s. 

Bh^mes for the Young Folk. 


Esther West. 

Working to Win. 

Xrilof and his Fables. ByW.R.8. 
Ralston, M.A. 

Fairy Talas, By Prof. Morley. 


By WiUhnn Allinghatn. Beautifully 
Illustrated. 3s. (id. 

ltd, Illustrated. 


Doings of some 
Polks., ByChatty Cheer. 

The Sunday Scrap Book. 'With 
One Thousand Scripture Pictures. 
Boards, 6s. j cloth, 7s. ©d. 


The History Scrap Book* With 
nearty^t.coo Engravings* 6a.) doth, 

little* Folks* Picture Album. With 
1 48 Large Pictures. 6s. 

The Old Fairy Tales. With Original 
Illustrations. Boards, la.; cL, Is. e d. 

My Diary. With ss Coloured Hates 
andj6fi Woodcuts. Is. 

The Pilgrim's Pro gr es s . With 
Coloured Illustrations. 9a. Sd, 

Good Times. Is. Sd. 


Cassell 6 b Company's Complete Catalogue will be sent yeti 

free on application to 

CASSELL A COMPANY, Limited, Ludgmte HOI, London. 4 





